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FoR POPULAR ASTRONOMY. 

By the death of Professor Simon Newcomb, at his home in 
Washington, July 11, 1909, America has lost her foremost man 
of science of this generation, and the world is deprived of one 
of the greatest astronomers and mathematicians of all time. 
Professor Newcomb was not only great as an investigator in 
all that relates to the physical sciences, but also as a thinker 
and all around natural philosopher. In this larger aspect, he 
was undoubtedly the foremost man of science of our time, and 
an outline of his career will therefore be of value to many con- 
temporary readers. A sketch such as the present one will nec- 
essarily be incomplete, for the career ot so great a man could 
not be adequately treated except by a large volume devoted to 
his biography; yet even a condensed account may be very in- 
structive, and it will have the great advantage of brevity 
required by most readers. 

He was born at Wallace, Nova Scotia, March 12, 1835, of 
American parentage, his earliest ancestors in the United States 
having settled in New York about 1614 and in Massachusetts 
Colony in 1620. He was the son of Professor John and Emily 
(Prince) Newcomb, and came to the United States in 1853. He 
had been educated by his father along the old-fashioned classical 
and mathematical lines, and began his career as a teacher in 
Maryland, in 1854-1856. In 1857 he became a computer in the 
Nautical Almanac office, then at Cambridge, Mass., and entered 
at once upon the profound study of mathematical astronomy, 
in which he was destined to play the leading part during the past 
half century. Whilestill a young teacher, he had the good fortune 
toattract the favorable attention of Professor Joseph Henry, the 
scholarly and unselfish Secretary of the Smithsonian Institution, 
who recognized Newcomb’s great promise and zealously interceded 
for his promotion, in the hope that his life might be devoted to 
the advancement of science. 
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In his well-known ‘‘Reminiscenses of an Astronomer”’ (Hough- 
ton, Mifflin & Co., Boston), Newcomb gives an interesting ac- 
count of his childhood. He tells us that his father was the most 
rational and dispassionate of men, and never allowed his emo- 
tions toget the better of his judgment. At the age of twenty-five 
he set out to find a wife with qualities most suitable in a help- 
meet. After his search had extended nearly one hundred miles he 
found, in the village of Moncton, Emily Prince, the future mother 
of the great astronomer. The marriage was a happy one, so 
far as congeniality of nature and mutual regard could go. “My 
mother was the most profoundly and sincerely religious woman 
with whom I was ever intimately acquainted, and my father 
always entertained and expressed the highest admiration for 
her mental gifts, to which he attributed whatever talents his 
children might have possessed. The unfitness of her environ- 
ment to her constitution is the saddest memory of my child- 
hood. More I do not trust myself to say to the public. nor 
will the reader expect more of me.” 

Newcomb’s childhood was passed among many intellectual pri- 
vations, and the world often seemed to him coldand dark; but he 
had a fondness for study, and read whatever books were available. 
The youth was assigned to live with Dr. Foshay, to aid him in 
preparing his medicines, in return for supplying his bodily needs, 
and teaching him the ‘‘botanic system of medicine.’ After a 
time the boy saw the folly of this well-meant but unfit arrange- 
ment; and on September 13, 1853, he left the doctor a note ex- 
planing that as he had shown no indication of fulfilling his 
promises, the arrangement with his assistant was annulled. 
Betore daylight he ran away, and walked till late at night, fear- 
ing the pursuit of the doctor. Young Newcomb, however, elud- 
ed his pursuer, and finally reached a house where he found 
shelter and comfort. ‘Thus ended a day which I have always 
looked back to as the most memorable in my life.”’ 

After a week of hardships, he reached Calais, and took a boat 
bound for Salem, working his way to pay part of the cost of 
the passage. He thereupon engaged in teaching at Massey’s 
Cross Roads, and spent all his spare time reading mathematics. 
In 1856 he became a teacher in the family of a planter near 
Washington, and on a visit to the Library of the Smithsonian 
Institution was delighted to see among the mathematical books 
the greatest work ever pictured to his youthful imagination,— 
Bowditch’s translation of Laplace’s Mécanique Céleste. 

He finally sought an interview with Professor Henry, the 
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Secretary of the Smithsonian, who recommended him to look 
for a position in the Coast Survey. Superintendent Hilgard 
received him favorably and introduced him to Professor Winlock 
of Cambridge, Mass., and thus in 1857 he entered the ‘‘world of 
sweetness and light,’’ by becoming a computer on the American 
Ephemeris and Nautical Almanac. Newcomb's progress was 
henceforward easy and rapid. He graduated at the Lawrence 
Scientific School of Harvard in 1858, and formed valuable 
friendships with such astronomers as the Bonds, Pierce and 
Gould. In L861 Dr. Gould called his attention to a vacancy in 
the corps of mathematics in the Navy, and suggested that he 
apply for the place, but Newcomb hesitated to leave Cambridge, 
which then seemed to be the center of scientific activity in 
America. 

At the breaking out of the Civil War, several of the professors 
of mathematics in the Navy, then on duty at the Naval Observ- 
atory, resigned, on account of the secession of their native 
states. Young Newcomb was chosen by President Lincoln to 
fill the first of the vacancies thus created. It is needless to say 
that a wiser choice could not have been made by the great 
war President, who was largely guided by the recommendation 
of Professor Joseph Henry, and other equally disinterested 
friends of science. At this time science was not developed as it 
is to-day, and Newcomb’s reputation was not world-wide, as it 
has been during the last forty years; but it was already very 
considerable and gave promise of rapid development. 

Newcomb was assigned duty at the Naval Observatory in 
Washington, and worked successively with the meridian circle 
and nine-inch equatorial. His heart, however, was always 
wrapped up in the study ot mathematical astronomy, and his 
interest in and devotion to it never ceased till the day of 
his death. 

On August 4, 1863, he married Miss Mary Caroline Hassler, 
daughter of Dr. Charles A. Hassler, U. S. N., and grand- 
daughter of the founder of the U.S. Coast Survey. He was ex- 
ceedingly fortunate in his marriage, and for forty-five years Mrs. 
Newcomb lent to him the strength and sympathy which con- 
tributed so largely to his great career. Mrs. Newcomb was not 
only a devoted wife and mother, but possessed infinite charm 
and tact, and her high social qualites have long been as celebra- 
ted in Washington as the scientific eminence of her devoted 
husband. The Newcomb household thus early became the lead- 
ing scientific center in Washington, a pre-eminence which it has 
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always maintained. When Professor Newcomb was not at. his 
official duties, he was to be found working away in his study, 
or participating in scientific activity in the city or country. His 
thought was ever centered on the advancement of the physical 
sciences, and he soon became a great leader in the scientificflife 
of forty years ago. 

The following is a briet outline of the part he playedfin im- 
portant scientific work. When Congress ordered the building of 
the twenty-six-inch telescope for the Naval Observatory, Prof- 
essor Newcomb, as the most experienced and tamous astronomer 
in the Government service, was chosen to negotiate the contract 
and supervise the construction of what was then the most 
powerful telescope in the world. The great telescope was ready 
for use in 1875, and tora year or two after observations were 
begun with it at Washington, Professor Newcomb was in charge 
of it. He used it chiefly in the measurement of the satellite sys- 
tems of Uranus and Neptune, and obtained material for an im- 
proved determination of the masses of the two outer planets. 
In 1877, however, Professor Newcomb became director of the 
Nautical Almanac Office, leaving Professor Asaph Hall the op- 
portunity to take charge of the large telescope, and during the 
same year discover the satellites of Mars. 

Meanwhile in 1871, a commission on the transit of Venus had 
been authorized by Congress, and Professor Newcomb appointed 
its secretary. In 1882 he observed the transit of Venus at the 
Cape of Good Hope; and his constant interest in this method of 
finding the solar parallax was instrumental in obtaining increas- 
ed facilities for the undertaking. This was then supposed to be 
the most accurate means of finding the Sun’s distance, and 
Congress made liberal provision for so important an enterprise. 

But while Newcomb was a good observer, and did notable work 
both on the twenty-six-inch equatorial, and previously on the 
nine-inch equatorial, as well as on the transit circle, it was 
chiefly in theoretical astronomy that his heart lay; and the op- 
portunity of his life came when he succeeded to the superintend- 
ency of the Nautical Almanac in 1877. This duty he held for 
twenty years, till his retirement for age in 1897, and during that 
time he revised and improved the tables of all the planets of the 
solar system, prepared catalogues of the fixed stars, and carried 
out important researches on the motions of the Moon. 

One of his most important results was the establishment of 
the astronomical papers of the, American ephemeris, of which 
some eight quarto volumes have appeared. These papers con- 
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tain many important memoirs by Newcomb, Hill, and others, 
and have been generally recognized as the best collection of re- 
searches on theoretical astronomy which has appeared in America. 

In this great work of improving the theories of the heavenly 
bodies, Newcomb was ably assisted by Dr. G. W. Hill, to whom 
was assigned the difficult task of the new theory of Jupiter and 
Saturn. It is well-known that Hill not only did regularly the 
part assigned him, but that he was constantly called upon in 
the treatment of new problems as they arose. In fact, the re- 
sults in the papers of the American Ephemeris may be properly 
regarded as the joint work of Newcomb and Hill. 

Newcomb was a splendid director of the work, and was offic- 
ially responsible for all that was done; he secured the appropria- 
tions and authority for doing the work; while Dr. Hill was 
occupied uninterruptedly with his part of the work itself. New- 
comb’s forceful personality made him a very effective superintend- 
ent of the Nautical Almanac. What he did not have time to do 
himself, he had others do. And what an incessant and tireless 
workerhe was! Underthecircumstancesit isnot remarkable that 
the American Ephemeris took the first place among the National 
Ephemerides, and the papers of the American Ephemeris came 
into use in all the principal countries of the world. This adop- 
tion of American work was due to the wisdom and sagacity of 
Newcomb, and the energy with which he handled all the prob- 
lems of celestial mechanics connected with the solar system. 

In 1867 he had published his investigation of the orbit of 
Neptune; and in 1874 a similar investigation of the orbit of 
Uranus. Both of these investigations were well carried out, and 
generally adopted by astronomers; and naturally they served 
as the standard for the tables of the other planets, though the 
method of procedure was not the same in all cases. 

During his earlier years Newcomb had aimed to give in all 
cases general tables of the planets, serviceable for an indefinite 
time; but after Hill had worked eleven years on the tables of 
Jupiter and Saturn, he came to doubt the wisdom of spending so 
much effort on tables which in time necessarily would become 
antiquated. Instead he recommended the method of special 
perturbations, as more expeditious, and suitable for the present 
state of astronomy. This conclusion he expressed to the present 
writer in 1894, after the labor and experience of many years; 
but as the work on the planetary system was then nearly finish- 
ed, the method of general perturbations was still adhered to in 
the astronomical papers. 








470 An Outline of the Career of Professor Newcomb 





Among other notable papers published by Newcomb may be 
mentioned that on the actual and probable distribution of the 
nodes and perihelia of the asteroids, 1869; Researches on the 
Motion of the Moon, 1878; on the Recurrence of Solar Eclipses, 
1879. 

In 1878 the celebrated Popular Astronomy appeared. Few 
books in any age or country have done more for the good of 
science than this work, which has been translated into several 
foreign languages, and extensively used throughout the world. 
And notwithstanding the great progress of science during the 
past thirty years, this work still remains fresh and interesting. 
It is characterized throughout by that savingelement of common 
sense which has always been conspicuous in the author 
throughout his long career. New observations and new re- 
searches change the details of science, but not the principles 
involved; and hence the Popular Astronomy has become and 
will remain a classic. 

Previous to Professor Newcomb’s retirement in 1897 he had 
held the Chair of Astronomy at the Johns Hopkins University, 
and also been editor or collaborator in the management otf the 
American Journal of Mathematics. He was considered to have 
been a very impressive teacher. Certainly no man ever brought 
to his students a greater experience in scientific work, or 
greater enthusiasm and capacity for hard labor; and therefore 
it is not surprising that several of his students have since at- 
tained eminence in their profession of astronomy. 

Newcomb was often a good deal discouraged by the poor 
careers of certain men who were intellectually well qualified and 
once gave indications of high promise; and he used to say that 
he did not know whether to expect the future masters of celes- 
tial mechanics to come from the universities or trom the back- 
woods. The truth is that everlasting labor is the price that 
must be paid for real eminence and mastery in any science, or 
evenin art and literature. Newcomb, Hill, Gould and all the 
great masters of American science have realized the great sacri- 
fices which have to be made to carry on work of the highest 
class; and they have all found the number of men capable of 
attaining such heights very small. A man may do well till he 
attains a respectable standing in his profession; but after that 
it so often happens that there isa letting up in his enthusiasm 
and interest. The inevitable outcome is few men of science of 
the highest eminence, and a vast number of professors of ordi- 
nary attainments. 
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It is only such men as Newcomb, who devoted a full half 
century to scientific work, always along the same general lines, 
who may expect to attain the highest rank in the world of 
science. Dr. Hill, too, has given to our science the same lite- 
long study and attained the highest eminence. Dr. Gould’s 
work along other lines of effort, connected with the meridian 
observation of the starsin the southern hemisphere, is not less 
famous and important. 

In the old world we have recently seen the majestic figure of 
Lord Kelvin, active in physical science for tully sixty years; 
and early in last century Europe beheld the venerable figure of 
Laplace, whose career was even more active and almost as long 
as that of Lord Kelvin. Hall has justly remarked that Laplace 
did more for the advancement of astronomy than all the univer- 
sities in Europe combined. What an argument for those born 
to live in the world of light! 

It is these great men of first order of ability and uninterrupt- 
ed devotion to science over a long series of years who make 
history. America has been fortunate in having such types as 
Bowditch and Pierce, Gould and Hall, Newcomb and Hill. They 
are to be unreservedly held up to the emulation of the youth of 
the land, and the light of their illustrious examples more than 
anything else will aid in dispelling the darkness through com- 
ing ages. It seems that the difficulty of intellectual progress 
often is so great as to discourage the young investigator. If 
so, he really ought to take heart, for no one ever received more 
rebuffs and hard knocks than some of these great astronomers, 
who have added so much to the glory of the American name. 

As the writer of this sketch had the honor to be closely associ- 
ated with Protessor Newcomb at various times during the past 
fifteen years, it will not be inappropriate to say that he never 
saw a more inspiring example of scientific zeal than that af- 
forded by the tireless energy of this veteran astronomer. There 
was always something fresh to be investigated, and in his eyes 
the work was well worth doing. And it mattered not whether 
it had been done before; the question was whether the results 
already attained could he improved upon. 

A true story is told at the Naval Observatory in Washing- 
ton of a young astronomer who consulted Newcomb, to ascer- 
tain his opinion as to the advisability of doing certain work. 
The young man seemed anxious to do work which would 
advance his reputation, and so stated the case to Professor 
Newcomb: to his surprise the veteran astronomer replied : ‘‘Rep- 
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utation! Why, I did not know that you had any reputation.”’ 
Whereupon the young man explained that what he meant was 
that he had a reputation to make. Newcomb explained to him 
that any work well done was always worth while, and that 
the amount of really good work already done is less than we 
generally suppose. 

This story reposes on a real basis, and is useful in showing 
Newcomb’s impatience with any kind of half-hearted effort. He 
respected any one who worked hard, and always expected a 
man of science to do his best. He had himself acquired the 
habit of hard work when a young man, and expected others to 
come up to the same high standard. In no other way could the 
pioneers in American astronomy have given the foremost of our 
sciences the proud position it holds to-day. It is work, and not 
mere genius, as that word is ordinarily understood, that gives 
scientific results. Similar stories are told of the indefatigable 
industry of Dr. Gould at Cordoba. His life there was one of 
such energy that he left his assistants and himself no idle time; 
otherwise so great a work as that of finding the places of 
100,000 stars in the southern hemisphere could not have been 
accomplished. 

Once when the writer of this sketch expressed to Dr. Hill 
wonder and surprise that he should have been able to accomplish 
so much in the short space of an ordinary lifetime, the illustrious 
geometer replied simply: ‘Well, | have been very industrious.” 
So also the great Sir Isaac Newton, when asked how he made 
his discoveries, replied that it was by constantly thinking about 
them. Our own country affords several other examples of gen- 
ius obtaining lasting results by hard work, in the careers of such 
astronomers as Burnham and Barnard. 

Burnham has usually claimed that it was by saving the spare 
minutes that he accomplished much of his great work on 
double stars. Barnard’s tireless industry is as celebrated as 
that of Newcomb, and his work, too, has depended in an emi- 
nent degree on the good use of opportunities. To waste time 
and throw away opportunity for the advancement of astron- 
omy is considered the first step towards retrogradation; all 
mental achievement depends on steadfast industry. It was by 
this means that Professor Asaph Hall was able to produce 486 
scientific papers in the short space of a lifetime. 

A great many young persons entering upon careers in science 
are fascinated by the attractiveness of the subject, and spurred 
on by the hope of great discoveries; but the effort finally gives 
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way, unless there is a deep and abiding satisfaction in intellect- 
ual industry. It is well-known that Ptolemy speaks of Hip- 
parchus as a “labor loving and truth loving man”’ (dvip Adrovos 
kai prrad7Gys.) This most illustrious of titles could be justly ap- 
plied to Newcomb, Hill, Gould, Hall, Burnham, Barnard, and 
others, but the number of persons in any country deserving such 
a title is never large. 

The great masters in science fully realize that serious effort 
alone will lead to important results; for that reason it is gen- 
erally true that they willingly aid those who labor faithfully, 
but no others need apply in the hope of obtaining favor, for this 
is given only asa reward for devotion to science. 

This general principle has governed in the history ot American 
science, but cases are not lacking in which social intrigue has 
been temporarily substituted for conscientious effort and 
straightforward industry. In a few cases also money has been 
able to command a certain amount of favor among men of 
science; but as a general rule wealth and luxury are not as- 
sociated with steadfast industry, because luxury enervates and 
undermines effort, and without effort there can be no science. 
It is observed therefore that in the few cases where such a tend- 
ency exists, it does not stand permanently, but in the long run 
such apparent favor gives way. 

All our greatest men of science in the past have been com- 
paratively poor, while there is not a single rich man who has 
attained more than second orthird class. Of course this will not 
be different in the future. Those who can buy things with 
money obviously will not work for them, and since there is no 
excellence without great labor, it is almost as difficult for a 
rich man to obtain first rank in science as it is to enter the 
kingdom of heaven. 

Lagrange’s father was once rich, but subsequently lost his 
property; and the great mathematician was accustomed to say, 
after he had become celebrated, that if he had been wealthy he 
would have done little or nothing in mathematics. Therefore 
he in no way regretted the fact that he was poor and had to 
work for his living. 

The lot of Professor Newcomb, whose father was poor but a 
man of character and intelligence, is therefore the usual one in 
science. Young Newcomb had to work hard when he was 
young, and thereby acquired habits of industry which have 
placed his name among the moS&t illustrious of mankind. At no 
future age will the American people forget the great astronomer 
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whose delight was in perfecting the theories of the heavenly 
motions, and otherwise doing what he could to add to the 
lucid thought of his countrymen in science and literature. 

The future history of our country ought to include many il- 
lustrious names, but it is difficult to see how the just fame of 
any one can much surpass that of Newcomb. He had great 
native ability, was fortunate in having long life devoted whol- 
ly to science, under the best conditions; while his industry was 
tireless, and his reward in the way of discoveries most ample. 
Accordingly it is evident that his results, opinions, and views 
on science will be quoted through coming centuries. 

Newcomb’s activities were more varied than those of any of 
his contemporaries in scientific activity. He wrote a series of 
useful books on mathematics, and made important contributions 
to political economy; while he retained a lively interest in all 
social and political questions. His interests were philosophic 
and humanitarian in the widest sense. His large experience in 
scientific life and in the official life of Washington gave hima 
means of judging our country and our times possessed by few. 
While recognizing the difficulty of interesting the more indifferent 
and sordid of mankind in so pure and spiritual a thing as phys- 
ical science, he saw the steady growth of American science 
from meager beginnings in the days of his youth to its present 
exalted standing and liberal endowmentat manycenters. Of late 
years he recognized, like other astronomers, the danger arising 
from the establishment of observatories without any adequate 
means of support. And what was equally important, he wish- 
ed to see astronomy developed symmetrically as one harmonious 
whole. The extreme specialization of our time he viewed with 
considerable alarm, as tending to produce narrowness and in- 
competency outside of a limited field. 

This difficulty is partly inherent in the nature and extent of 
modern science, as it stands to-day, and partly to be traced to 
a deficiency in our supply of the ablest minds. It is a common 
remark that in almost every field of human endeavor the num- 
ber of well-balanced and capable minds is too small, and this is 
certainly true of astronomy and the physical sciences. Some 
persons of limited experience have even gone to the extreme of 
claiming that we no longer have any great astronomers. It is 
needless to say that such a view is thoroughly unsound. It 
simply reflects the failure and the small caliber of the individuals 
who hold such views, and is not to be taken as an index to 
contemporary activity. There never was a day in the history of 
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astronomy when we had more capable men of science than we 
have to-day; but the number of real discoverers is small, and the 
same is true of all ‘past ages in the history of the world. 

It has been remarked by more than one thoughtful person that 
although our modern facilities for work in observatories and 
laboratories have greatly increased, the number of great in- 
vestigators remains about the same. We have already pointed 
out why this difficulty can scarcely be overcome; but tor that 
very reason the discovery and introduction into science of a 
single great man is of enormous value to any age or country. 
It was a satisfaction to Olbers in his advanced age that he had 
befriended Bessel in his youth, and started him on the great 
career which did so much for the science of Astronomy. 
Amateurs and superficial observers may always do some good 
work, but it takes the professional astronomer of large experi- 
ence in many fields of labor to probe to the bottom the most 
difficult questions. Even then it will sometimes happen that 
mistakes will be made, for science grows, and opinions change 
from one generation to another. In the same way we can real- 
ize what a satisfaction it would have been to Joseph Henry and 
other early friends of Newcomb, if they had lived to witness 
his full development and the celebrated results of his great 
career. 

His activities covered the whole domain of mathematical 
astronomy, and his genius ornamented everything it touched. 
Among all his great contemporaries, none were his superiors, 
few his equals, even in special lines of investigation. And as 
for astronomical science as a whole, none has covered so broad 
a field, or left so profound an impress upon the age in which 
he lived. Newcomb was by nature not only a great man of 
science, a discoverer and investigator, but also a great person- 
ality. There are few positions in the world which he could not 
have filled with success and distinction. He was a _ natural 
leacer of men, and would have made his influence felt wherever 
his lot was cast. ; 

There was one other quality in Newcomb which was greatly 
appreciated by his associates and contemporaries. He was 
quick to recognize true merit wherever found, and many young 
men of science found in him an unostentatious benefactor. It 
may be truthfully said of him, as it was of Laplace, that he 
lived for the advancement of science, and did all he could him- 
self and through others to attain this great end. He had little 
of the diplomacy and indirectness common among more world- 
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ly minds, and dealt with all questions in a straight-forward and 
candid manner. In this respect his example was beyond all 
praise. For while some considered his manner to be blunt, and 
outspoken, there were none who failed to see in his actions the 
most conclusive proof of honest and steadfast principles, and a 
just regard for those who labored and deserved well by their ef- 
forts in the cause of science. 

In his daily life with his family his manner was kind, gentle 
and of unaffected simplicity. Those who have enjoyed the gen- 
erous hospitality of his household will always have a precious 
recollection of his amiability, and the elevated thought which 
characterized his home life. He was interested in all that ap- 
pealed to the intellectual classes; but especially in science, art, 
literature, politics, and travel; and had a wide acquaintance 
with eminent men in both hemispheres, and used trequently to 
recall agreeable recollections of the past forty years, always 
with a quaint sense of humor and good nature. 

Among the important investigations which have occupied 
Professor Newcomb’s attention in recent years, was the unfinish- 
ed work of 1878, on the motion of the Moon. About 1902 the 
Carnegie Institution made a considerable grant to enable him 
toemploy the necessary assistants, and during the past seven 
years Dr. Frank E. Ross, and others, have aided in bringing this 
work toaclose. In September, 1908, while attending a meeting 
of the Board of Overseers of Harvard College Professor New- 
comb became ill. He had only recently returned from Europe 
and a journey through the Alps, and while in Germany had been 
complimented by the German Emperor on his youthful and 
vigorous appearance, in spite of the fact that he was born in 
1835. He had been in excellent health for many years, and this 
attack was sudden and unexpected. As soon as it was studied 
by the physicians, it was diagnosed as an internal cancer, which 
did not admit of operative treatment. No hope was held out 
of more than temporary relief, and the end of his lite was seen 
to be near at hand. 

His work on the motion of the Moon, already in advanced 
stage, was rushed to completion with all admissible speed. Not- 
withstanding his grave illness Professor Newcomb kept at work 
as much as possible , and finally dictated the last of the memoir 
on the motion of the Moon only about three weeks before he 
died. His relief in finishing the work and sending it to the 
printer must have been very great; for he had worked on the motion 
of the Moon altogether over torty years, and for a long time 
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after his last illness began it was a grave question whether he 
would live to see it finished. During the last months of his 
life Professor Newcomb also occupied himself with some memoirs 
of his own life, and is understood to have made so much progress 
that a biography is soon to appear from the pen of his talented 
daughter, Mrs. Anita Newcomb McGee. In his will Mrs. McGee 
was appointed executor, and it is announced in Science, of 
July 30, that her wish is to sell intact the invaluable scientific 
library which he collected in the course of his long career. 

The scientific world will await with deep interest the appear- 
ance of Newcomb’s last work on the motion of the Moon. 
Some idea of the importance of the work may be gathered from 
the preliminary report of it published in the Monthly Notices of 
the Royal Astronomical Society for January, 1909. From this 
summary of results it seems likely to be one of the most im- 
portant contributions to the subject ever made by any astrono- 
mer either living or dead. Heretofore it has always been 
supposed that gravitation alone governed the motions of ;the 
heavenly bodies, but in this paper Newcomb definitely gives up 
hope that gravitation will explain all the movements of the 
Moon, and announces that other irregular disturbing causes of 
considerable magnitude are at work. He concludes that as a 
supplement to the gravitational theory empirical corrections 
based on observations will have to be adopted from time to time, 
in order to give extremely accurate places of the Moon. The ir- 
regularities in the Moon’s motion he regards as the most enig- 
matical phenomena yet presented by the celestial motions. 
These outstanding inequalities are called fluctuations, to dis- 
tinguish them from the irregularities which are traceable to 
gravitational causes. 

Newcomb’s analysis of these anomalies is characteristically 
able, and will always remain as a witness to the clearness of 
his intellect in the last year of his life. And although he as- 
signs no known cause for the fluctuations, he hints that some 
unknown cause is at work, which will require the searching at- 
tention of investigators. There can be scarcely any doubt that 
this work marks a new epoch in our theories of the Moon; and 
we predict that the fluctuations will be found to give us the clue 
to a disturbing cause other than gravitation which is every- 
where at work, but so far has proved to be insensible to obser- 
vation, except in the case of our Moon, which is so near the 
Earth that the small displacements thus arising become 
appreciable. 
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It is not hazardous to predict that when these problems are 
deeply studied, it will be found that Newcomb was right, so 
far as he went; and in particular that there is, as he suggests, 
a cause accelerating the Earth’s rotation, and thus counteract- 
ing the secular effects of tidal friction, in retarding the Earth’s 
rotation. The present writer has just proved (July, 1909) that 
such a cause exists, and found by calculation that it has at 
least the order of magnitude surmised by Newcomb; so that the 
reality of the suspected cause is beyond doubt. While this will 
aid in clearing up the problems of the Earth’s rotation, it is 
too early as yet to feel sure whether the fluctuations also will 
be explained; but there is hope that the step taken will remove 
much if not all of the outstanding anomalies connected with 
the motion ot the Moon. 

Professor Newcomb passed away from a gradually increasing 
weakness, about three o’clock on the morning of July 11th. 
He was surrounded in his last days by his devoted family, and 
everything was done that medical science and the kindness of 
loved ones could devise to alleviate his suffering. He remained 
cheerful and resigned to the end, which was known to be near 
at hand. 

The Department of the Navy granted the military funeral 
honors usually accorded to an officer of the rank of Rear 
Admiral, which had been granted him by a special Act of Con- 
gress some three vears ago, and invitations were sent by the 
State Department to all diplomatic corps to attend the funeral 
in recognition of his international standing. The funeral service 
was held in the church of the Covenant at ten o’clock A. M. on 
July 14, and was attended by the President of the United States, 
the Secretary of the Navy, many Ambassadors, Navaland Military 
officers, and other high Government officials, besides nearly all the 
men of science in Washington. The burial with military honors 
took place at the Arlington National Cemetery, overlooking the 
city of Washington, which for forty-eight years had been the scene 
of his labors in the service of his country. The honorary pall 
bearers were: Ambassador Jusserand of the French Govern- 
ment; Ambassador Bernstorff, Captain C. E. Vreeland, U.S. N., 
formerly an assistant in the Nautical Almanac; Professor Milton 

Updegraff, U. S. N., Director of the Nautical Almanac; Medical 
Director W. S. Dixon, U.S. N. ; Commander J. L. Jayne, U.S. N., 
a Johns Hopkins’ pupil ; Brigadier General George M. Sternberg, 
U. S. A.; Second Assistant Secretary of State, Alvey A. Adee; 
Commissioner H. B. F. Macfarland; Professor Frank W. Clark, 
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official delegate from Harvard, and also representing the Na- 
tional Academy of Sciences, etc.; Professor Fabian Frankllin, 
formerly of the Johns Hopkins University and its official dele- 
gate; Dr.O. H. Tittmann, Superintendent of the U. S. Coast and 
Geodetic Survey. 

This was a suitable and appropriate celebration of the last 
honors given to America’s greatest man of science. It is needless 
to say that men of science generally will be grateful for the 
honor paid to Newcomb, and indirectly to their profession, by 
the President of the United States. Among all the men of his 
time few will be longer remembered than the great mathema- 
tician who struggled along upon a comparatively small salary, 
while so many of his countrymen grew rich in commerical and 
other worldly pursuits. This shows that in the long run in- 
tellectual life is worth while, in spite of the great difficulties 
everywhere encountered in its pursuit. 

During his lifetime six American and eleven European universities 
enrolled Newcomb among their honorary doctors. He held 
membership in all the great European and American scientific 
societies; and had been president of most of the American soci- 
eties connected with astronomy, mathematics and physics, one 
of his earlier honors being that of President of the American 
Association in 1876. The following list of honors is incomplete, 
but sufficiently impressive: 

Professor of Mathematics in the United States Navy, Retired, with rank of 
Rear-Admiral. 

Overseer of Harvard University, Cambridge, Mass. 

Emeritus Professor of Mathematics and Astronomy of Johns Hopkins 
University. 

Research Associate of the Carnegie Institution of Washington, D. C. 

Commandeur de la Legion d’Honneur, of France. 

Knight of the Order Pour le Mérite fiir Wissenschaften und Kiinste of 
Prussia. 

Honorary Doctor of the Universities of Columbia, New York ; George Wash- 
ington, Washington, D. C.; Harvard, Cambridge, Mass.; Johns Hopkins, Bal- 
timore, Md.; Princeton, N. J.; Yale, New Haven, Conn.; Cracow, Austria- 
Hungary; Heidelberg, Germany; Oxford and Cambridge, England; Edinburgh 
and Glasgow, Scotland; Dublin, Ireland; Toronto, Canada; Padua, Italy; 
Leyden, Netherlands; Christiania, Norway. 

Member National Academy of Sciences, Vice-President of the American 
Philosophical Society; President Philosophical Society of Washington; Fellow 
American Association for the Advancement of Science; Associate Fellow Amer- 
ican Academy of Arts and Sciences, Member American Mathematical Society; 
Member Astronomical and Astrophysical Society of America; Honorary Mem- 
ber New York Academy of Sciences and Colonial Society of Massachusetts, 


American Physical Society. American Academy of Political and Social Science, 
American Economic Association, etc., ete. 
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Honorary, Associate or Corresponding Member of the tollowing societies : 
Austria: Kaiserliche Akademie der Wissenschaften, Vienna. 
Belgium: L’Academie Royale des Sciences, des Lettres et des Beaux Arts. 


France: Foreign Associate of the Academie des Sciences; Bureau des Longi- 
tude de Paris; Observatoire de Paris. 

Germany: Koenigliche Preussischen Akademie der Wissenschaften, Foreign 
Member of the Koenigliche Gesellschaft der Wissenschaften of Goettingen, Royal 
Academy of Literature and Science of Bavaria; Astronomische Gesellschaft. 

Great Britain: Royal Society, Royal Institution of Great Britain, Royal 
Astronomical Society, Physical Society of London, British Association for the 
Advancement of Science, Society for the Encouragement ot Arts, Manufactures 
and Commerce, London, Cambridge Philosophical Society, Liverpool Astro- 
nomical Society, Manchester Literary and Philosophical Society, Royal Society 
of Edinburgh, Royal Irish Academy, Royal Astronomical Society of Canada, 
Royal Society of New South Wales, Mathematical Association, London. (No 
other foreign honorary member!) 

Italy: Reale Accademia dei Lincei, Societa Italiana delle Scienze, Reale 
Instituto Lombardo di Scienze et Lettere Milan, Reale Accademia di Scienze 
Lettere et Artiof Padua. Also of Turin and of Venice. 


Mexice: Societe Scientifique ‘‘Antonio Alzate,’’ Sociedad Astronomica de 
Mexico. 


Netherlands: Academie Royale des Sciences of the Netherlands, Societe Hol- 
landaise des Sciences at Haarlem. 

Norway: Society of Science of Christiania. 

Russia: Honorary Member of the Imperial Academy of Sciences, Russian 
Astronomical Society, Imperial Russian Geographical Society. 

Sweden: Royal Academy of Sweden, Royal Physiographical Society at 
Lund, Royal Scientific Society of Upsala. 

Switzerland: L’Institut National Genevois. 


But what are honors compared to profound researches and 
great discoveries? No university, nor scientific society can honor 
a discoverer. They simply honor themselves by associating his 
name with their own. But while honors count for little, and 
are hardly worth mentioning, in comparison with additions to 
the sum total of human knowledge, we may yet be glad that 
Newcomb’s efforts were tully appreciated during his lifetime and 
by his own countrymen. 

From this brief and imperfect sketch it is evident that Prof- 
essor Newcomb takes rank with the greatest astronomers of all 
ages. Full of years and honors, he has joined that goodly com- 
pany which will ever lend a halo of glory to the history of 
modern science—Copernicus and Tycho, Kepler and Galileo, 
Newton and Laplace, Herschel and Bessel, Argelander and Gould. 
His life has been spent in the noblest of pursuits, and is a glori- 
ous heritage of our country in which all Americans may rejoice. 
He proved his faith in the cause ot truth by steadfast applica- 
tion to science for more than half a century, and the record thus 
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written will always be one of the most inspiring pages in our 
national history, and in the annals of science. 

Our successors will witness the accomplishment of the great 
phenomena whose laws he discovered. They will study in the 
movements of the Moon the anomalies which he pointed out 
and established by a searching examination of the records of 
centuries. The spectacle of the heavens will change, and new 
methods of analysis will come in the treatment of the problems 
which he proposed; but even at remote epochs the memory of 
the great mathematician will be held in deserved veneration. 
He was, indeed, a benefactor of nations and of all mankind, and 
even the most eloquent tribute is inadequate to do justice to 
those who like Newcomb have enlarged the domain of human 
thought, and added greatly to the sublimest portion of human 
knowledge. The unspeakable grandeur of the starry firmament 
is the only appropriate monument to the memory of the illustri- 
ous geometer who revealed to us so much of the majesty of the 
heavens. His spirit has returned to the skies whence it came, 
but his ashes abide with us upon the planet which was the scene 
of his labors in this life, and the stars he loved so well will look 
down and watch over the sacred spot which marks his last 
resting-place. 

U.S. Naval Observatory, 
Mare Island, California, 
August 4, 1909. 








DYNAMICAL THEORY OF THE CAPTURE OF SATELLITES 
AND OF THE DIVISION OF NEBULAE UNDER 
THE SECULAR ACTION OF A RE- 
SISTING MEDIUM.* 





T. J.J. SEE 
I. {NTRODUCTORY CONSIDERATIONS. 

Highly important dynamical considerations, based on the 
mechanical principle of the conversation of areas, in the form 
of a criterion proposed by Babinet in 1861, have been adduced 
in A. N. 4308 to show that the planets and satellites of the 
solar system have never been detached from the central bodies 
which now govern their motions, by acceleration of rotation, 
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From Astro. Nach. 4341-42. 
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as was supposed by Laplace, and for a long time very general- 
ly believed by astronomers; but, on the contrary, that all of 
these bodies have been captured, or added from without, and 
have since had their orbits reduced in size and rounded up 
under the secular action of a resisting medium. The argument 
there set forth, is very brief, but sufficient to be conclusive on 
the main points; for the dynamical rigor and universal validity 
of Babinet’s criterion admits of no dispute, and the data given 
in the table ot calculated rotation periods, when combined with 
the observed periodic times, show such enormous disparity that 
it is clear that centrifugal force could not have been effective in 
detaching these masses. 

For the centrifugal force varies as the square of the velocity 
divided by the radius; and if we form a table of the squared 
velocities from the periods as given in A. N. 4308, p. 187-190, 
the radius of the rotating central mass being by hypothesis the 
same as the radius vector of the body revolving about it, we 
shall find the differences R“— P,? so very large that any sup- 
position that the centrifugal force due to axial rotation has 
exercised a sensible influence will have to be abandoned. The 
efficiency of the resulting centrifugal force, compared to that 
which would detach the body, would be measured by the frac- 
tion y in the expression, 

1— Po” =sai«<¥+¥ 
which in all cases proves to be quite insignificant. Thus, in the 
case ot the innerring of Saturn, where this fraction is the largest, 
on account of the rapid rotation of that planet, the value of y 
never exceeds about a seventh part; in other words, the centrif- 
ugal force would have to be augmented about seven fold to 
detach a satellite. 

One might, indeed, imagine that the central bodies have grad- 
ually increased in mass with the lapse of ages, so that at one 
time the central attraction was much less than at present, and 
the periodic time of a satellite theretore much longer, correspond- 
ing to asmaller orbital centrifugal force and possibly a nearer 
approach to equality with the lessened centripetal force of the 
planet; yet by no change of this kind will it be found possible 
to establish an approximation to equality between the centrif- 
ugal and centripetal forces, and we shall be compelled to admit 
that Laplace’s hypothesis is: wholly inadmissible, even for the | 
most favorable case in the solar system. 
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As the planets and satellites have therefore all been captured 
and have since had their orbits reduced in size and rendered 
rounder and rounder by the secular action of the nebular resist- 
ing medium formerly pervading our system, it becomes desirable 
to indicate somewhat more fully how this great transformation 
has comme about. In particular, it becomes advisable to set 
forth with more detail how the satellites were captured, and 
how nebulae inevitably divide under the natural operation of 
their own gravitation; and that, too, without the intervention 
of the conditions of fluid equilibrium under hydrostatic pressure, 
as heretofore very generally assumed by mathematicians. 


IT. Jacosi’s INTEGRAL AND THE EQUATION OF RELATIVE ENERGY. 

In order to bring out the effects of a resisting medium upon 
the capture of satellites and upon the division of nebulosity be- 
tween rival centers of attraction, it is necessary to recall very 
briefly some of the results of the researches of mathematicians 
upon the problem of three bodies, in the restricted case where 
one body is a particle and the other two move in circles about 
their common center of gravity. 

In any system, whatever be the relative magnitude of the two 
principal bodies, we may always adopt a special system of units 
and take the sum of the masses to be unity, or put 


M+m=—1=(1—yn)+4. (1) 


And we may take the unit of distance such that the space 
between the centers of gravity of \J and m shall be unity, or 


a=y +n? + e224 n2 (2) 
where &, m, &, m are the co-ordinates of the centers of gravity of 
the bodies, here assumed to move in the £-plane. 

And we may put the constant of attraction 
, +r a® 
hee M-+m 


= n*a® i 


where rt is the periodic time, also taken to be unity. 

Now if the smaller mass be placed on the x-axis at the initial 
epoch, and new axes (x, y, z), with the same origin, at the center 
of gravity of the system, be imagined to rotate at the same 
rate that the two bodies 1— yp and » revolve in circles under 
their mutual attraction about the common center of gravity, we 


shall have the well-known differential equations of motion for 
the particle : 
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ae “at~ éx 
d@y - dx 62 (4) 
dt? " “dt dy 
d-z 6Q 
dt" bz , 
where 
Fs 24ii1—n) , 2 
2a = = + y? + PI a a (5) 


A= VY(x—mumPr+rst 2 (6) 


P=) (x—mP?+yte2. 

Here pi and p; are the radii vectores of the particle referred to 
the two revolving centers of attraction; and the fixed co-ordi- 
nates are connected with those referred to the rotating axes by 
the relations 


— =: xcost—y sin t | 
n= xsint+ycost (7) 
= 5; 


As 2 isa function of x, vy, z only and of constant quantities, 
the equations (4) admit of an integral when they are success- 
, — dx .dy ds : 
ively multiplied by 2 ie? 2 dt’ 2 dt respectively, and the prod- 

as ‘ ( ( 


ucts added. For this gives 


dx\? (a on dz\?_, ((/82dxy  6Qdy | bdz\ — re 
(at) + (it) ; (ai) - J Gs dtT 5x dt a bzdt ) "= 2a~—C= 


= xt 4 y? 4. eae ie a cane (8) 
This is the integral obtained by Jacobi (Comptes Rendus de 
l’Académie des Sciences, Tome III, p. 61), and therefore called 
by Dr. G. W. Hill the Jacobian integral (cf. Collected Mathe- 
matical Works of G. W. Hill, vol. I, p. 244). This integral ? = 
22 — C represents the velocity of the particle under the attrac- 
tion of the two bodies, and therefore has been called by Darwin 
the equation of relative energy. 


III. SuRFACES OF ZERO RELATIVE VELOCITY. 
The Jacobian integral V? = 20 —C, when put equal to zero, 
gives the surtaces corresponding to zero relative velocity of the 
particle : 


oe. 2u ‘ies 
Vaxe—mPtt rte "vy (x—my+ ye , 2 (9) 


x? a y? a 
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These surfaces were first discussed by Dr. G. W. Hill in his 
celebrated ‘‘Researches in the Lunar Theory”’ (cf. Hill’s Collected 
Mathematical Works, vol. I, p. 294-304), but they have since 
been treated by Poincaré, Darwin, and other mathematicians. 

The forms of the curves on the co-ordinate planes are easily 
found by the usual process in the theory of surfaces. Thus, for 
the xy-plane, we put z = 0, and have 


ee 2(1— 2) 2h ’ 
= — a _ ———— a SS = Cc 
V (x—mumyr+y V (x—m)?+y (10) 





FIGURE 1.—Curves of Zero Velocity (Darwin). 

celebrated memoir on ‘‘Periodic Orbits’, in Acta Mathematica, 
vol.21,1897. If we puty = 0, we get the curves on the xz-plane: 
9 2(1 — 2) Qu 
x* : — =s &. 

a (x — mm)? -+ 2? V (x—xmPt+ 27 (11) 

As the object of this brief paper is to point out the practical 
use of these results in astronomy rather than to examine the 
details from a mathematical standpoint, we pass at once to the 
curves in the xy-plane as drawn by Darwin. These are given 
Figure 1. 


The two bodies, conveniently designated as the sun and Jove 
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respectively, have in this case masses in the proportion of ten to 
one, 1] —» = 10/11, » = 1/11, or the sun has ten times the 
mass of the planet. In describing the figure Darwin says (l.c¢. p. 
112-113): ‘An important classification of orbits may be derived 
from this figure. When C is greater than 40.1821, the third 
body must be either a superior planet moving outside of the 
large oval, or an inferior planet moving inside of the larger in- 
ternal oval, or a satellite moving inside of the smaller internal 
oval; and it can never exchange one of these parts for either of 
the other two. The limiting case C = 40.1821 gives superior 
limits to the radii vectores of inferior planets and of satellites, 
which cannot sever their connections with their primaries. 

When C is less than 40.1821 but greater than 38.8760, the 
third body may be a superior planet, or an inferior planet or 
satellite, or a body which moves in an orbit which partakes of 
the two latter characteristics; but it can never pass from the 
nrst condition to any of the latter ones. 

When C is less than 38.8760 and greater than 34.9054, the 
body may move anywhere save inside of a region shaped like a 
horse-shoe. The distinction between the two sorts of planetary 
motion and the motion as a satellite ceases to exist, and if the 
body is started in any one of these three ways it is possible for 
it to exchange the characteristics of its motion for either of the 
two other modes. 

When C is less than 3+.9054 and greater than 53, the forbid- 
den region consists of two strangely shaped portions of space 
on each side of S/. 

Lastly when C is equal to 33, than which it cannot be less, 
the forbidden regions have shrunk to a pair of infinitely small 
closed curves enclosing the third angles of a pair of equilateral 
triangles erected on SJ as a base. 

If we consider equation (9), we see that when z= 0, and x 
and y are small, the first and second terms become relatively in- 
significant, and there only remains 


Deal d be 


nla 
— 
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:—~ 
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V (x—m)i+y VV (x—m)yP?+y i: fe (12) 


where « is a small quantity, and pi’ and p,’ the radii vectores. 
The form of this expression shows that the surfaces approximate 
equipotential surfaces about the two masses 1— yp and p». In 
like manner, if y = O, and x and z are small, equation (11) gives 

1—u +4 K, 1—u be 
) (xomP +2 
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Thus we see that the curves on the xz-plane are similar to 
those on the xy-plane, and both resemble equipotential surfaces. 
For small values of the cu-ordinates the surfaces of relative 
energy are nearly symmetrical about the axis of x, and may be 
produced approximately by revolving the curves in the xy-plane 
about the axis S/. 

In tri-dimensional space these surfaces of zero velocity are 
suspended like narrow curtains from an asymptotic cylinder 
with radius equal to} C; for as 2 increases indetinitely equa- 
tion (9) approaches the limit x? + y? = C, and the radius of 
the asymptotic cylinder therefore is 1 Cas was long ago point- 
ed out by Dr. Hill. 

We need not here dwell on the outer parts of the above figure, 
which have been fully discussed by Hill, Darwin, Poincaré, and 





FIGURE 2.—Equipotential Surfaces about a Double Star with Equal Components. 


others; but shall invite attention to the interior region, where 
the surfaces are closed about each body, or run together in the 
form of an hour-glass or pear-shaped figure, with equal or un- 
equal bulbs, according as the masses 1 —» and » are equal or 
unequal, respectively. In the general case they are unequal, 
but as numerous systems of double stars have a comparatively 
equable distribution of mass, this special case is deserving of 
some attention (see Figure 2). 

Now, as to the form of the closed and connected surtaces of 
the hour-glass or pear-shaped figure in tri-dimensional space, it 
is sufficient, as already remarked, to imagine the inner parts of 
Darwin’s Figure 1, up to C = 38.88, revolved about the x-axis 
coinciding with SJ; and then imagine the surtaces of revoluticn 
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very slightly flattened in the direction parallel to the z-axis, to 
take into account the small distortion due to centrifugal force 
incident to revolution of the system in the xr-plane. For the 
function 20 — C = 0 involves the rotation potential, and is not 
quite the same in all directions, but a little larger in the plane 
of motion. 

Thus we see that the two bodies have separate closed folus 
around each center of attraction, and besides a series of pear- 
shaped or hour-glass surfaces about both bodies; and moreover 
these surfaces are symmetrical about the x-axis, coinciding with 
SJ, except for the effects of rotation, which makes these surfaces 
a little flattened in the direction parallel to the z-axis. The effect 
of distortion on these otherwise symmetrical surfaces is quite 
analogous to the flattening of figures of equilibrium of rotating 
masses of fluid. These latter figures have been studied by mathe- 
maticians for more than two centuries, and of late years have 
been especially investigated by Poincaré and Darwin, by the 
most powerful methods of modern mathematical analysis. 
These eminent mathematicians have established the existence 
of a series of pear-shaped figures of equilibrium for rotating 
masses of fluid, with striking resemblance to the surtaces here 
discussed. The calculation of the figures of equilibrium, how- 
ever, is more difficult than that of the energy surfaces, because 
in a fluid mass under its own gravitational attraction, the 
forces of each element contribute to the shaping of the figure 
of the mass, and the figure in turn determines the intensity of 
the forces tending to modify the fluid surface; whereas in the 
case of the energy surfaces the attractive forces may be regard- 
ed as centered in two points. 


IV. How A PARTICLE MAY MOVE ABOVE S AND J SEPARATELY 
AND COLLECTIVELY. 


The nature of the surfaces closed about each body separately 
and about the two collectively is now clear, and as we have 
shown that these closed surfaces are nearly symmetrical about 
the line SJ in all directions in space, it is evident that, tor parti- 
cles confined within these folds, the motion in tri-dimensional 
space will be essentially similar to that of a particle moving in 
the xv-plane. Thus Darwin’s classification of orbits, just given 
in III, becomes applicable to all motion in which C is greater 
than 38.88, and practically for all motion in which C is less 
than 34.91, when we disregar¢d the outer parts of the figure, as 
not here under consideration. 
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Accordingly it is clear that a particle, with C less than 38.88, 
may move about the two bodies separately, pass freely from 
one space to the other, and around both together; or again it 
may move about either of the two bodies separately, and go 
between them in sucha way that, as it quits the control of S, 
it may pursue a retrograde path about /. 

Darwin has discussed this motion in a characteristically lucid 
manner as follows: “Being ignorant of the nature of the orbits 
of which I was in search, I determined to begin by a thorough 
examination of one case. It seemed likely that the most in. 
structive results would be obtained from cases in which it should 
be possible for an inferior planet and satellite to interchange 
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FicurRE 3.—Orbit ofiSatellite leaving Jove and passing under the Control 
of the Sun (Darwin). 

their parts. Now when C is greater than 38.8760 but less 
than 40.1821, the two inferior ovals of the curve of zero veloc- 
ity coalesce into the shape of an hour-glass, and thus interchange 
of parts is possible. I, therefore, began by the consideration of 
the case where C is 39, and traced a large number of orbits 
which start at right angles to SJ, and in some cases I also 
traced the orbit with reterence to axes fixed in space. 

The two curves which represent the orbit in space and with 
reference to the moving plane, contain a complete solution of 
the problem. 


For if the curve on the moving plane be drawn as a trans- 
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parency, and if the Sun in the two figures be made to coincide, 
and if the transparent figure be made to revolve uniformly 
about the Sun, the intersection of the two curves will give the 
position of the body both in time and place. 

In order to exhibit this, I show in Figure 3 a certain orbit 
with reference to axes fixed in space and also the same orbit 
referred to rotating axes. In the former figure the simultaneous 








SUSTOM OF JUPITER 


FiGuRE 4.—Diagram of the System of Jupiter. 

positions of the planet and of Jove are joined by dotted lines. 
It is interesting to observe how the body hangs in the balance 
between the two centers, before the elliptic form of the orbit 
asserts itself, as the body approaches the Sun. 

This figure, and others of the same sort, are instructive as 
illustrating the usual sequence of events in orbits of this class. 

If a planet be started to move about the Sun in an orbit of a 
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certain degree of eccentricity, it will at first move with more or 
less exactness in an ellipse with advancing perihelion. But as 
the aphelion approachesconjunction with Jove the perturbations 
will augment at each passage of the aphelion. At length the 
perturbation becomes so extreme that the elliptic form of the 
orbit is entirely lost for a time, and the body will either revert 
to the Sun, or it will be drawn off and begin a circuit round 
Jove. In either case after the approximate concurrence ot 
aphelion with conjunction, the orbit will have lost all resem- 
blance to its previous form. 

The figure 3 exhibits the special case in which the body only 
makes a single circuit round Jove, and where the heliocentric 
elliptic orbit before and after the crisis has the same form; the 
perihelion has, however, advanced through twice the angle 
marked on the figure. In general the body would, after part- 
ing from the Sun, move several times round Jove until a con- 
currence of apojove with conjunction produced a severance of 
the connection, but in the figure this concurrence happens after 
the first circuit. If the neck of the hour-glass defining the curve 
of zero velocity be narrow, the body may move hundreds of 
times round one ot the centers before its removal to the other.” 
(cf. Periodic Orbits, p. 168—170). 

V. NON-PERIODIC ORBITS PASSING FROM JOVE TO THE SUN. 

Without going into the details of the nature of this move- 
ment or into the laborious numerical processes by which the 
paths have been calculated by Darwin, we may reproduce in 
Figure 5, one of the most interesting figures showing some of 
the non-periodic paths extending from Jove to the Sun. 
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Figure 5.—Non-periodic Orbits passing from Jove to Sun (Darwin). 
These cases are, of course, ideal and somewhat arbitrary, with 
the masses always in the ratio of 10 to1, and therefore with 
the planet relatively about 100 times larger than any found in 
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the solar system; but they throw a flood of light upon the 
processes at work in actual nature. 

In the passage partially quoted above (Periodic Orbits, p. 170- 
171) Darwin concludes his discussion as follows : 

“It seems likely that a body of this kind would in course of 
time find itself in every part of the space within which its mo- 
tion is confined. Sooner or later it must pass indefinitely near 
either to the Sun or to Jove, and as in an actual planetary 
system those bodies must have finite dimensions, the wanderer 
would, at last, collide with one of them and be absorbed. We 
thus gain some idea of the process by which stray bodies are 
gradually swept up by the Sun and planets. 

It might be supposed that all possible orbits for any value of 
C will pass through a similar series of changes and that the 
bodies which move in them will be thus finally absorbed. Lord 
Kelvin is of opinion that this must be the case, and that all 
orbits are essentially unstable. This may be so when sufficient 
time is allowed to elapse, but we shall see later that, even when 
the hour-glass has an open neck, there are still stable orbits, as 
far as our approximation goes. The only approximation per- 
mitted in this investigation is the neglect of the perturbation of 
Jove by the planet. For a very small planet the instability 
must accordingly be a very slow process, and I cannot but 
believe that the whole history of a planetary system may be 
comprised in the interval required for the instability to render 
itself manifest. Henceforward then I shall speak as though the 
stability of stable orbits were absolute, instead of being, as it 
probably is, only approximate.” 

This work of Darwin supplements and generalizes in a most 
impressive manner the work of astronomers on such bodies as 
Lexell’s comet of 1770, and the whole series of periodic comets, 
when they pass near a planet such as Jupiter. It is scarcely 
necessary to recall the early work of Burkhardt and Laplace, 
or the more modern researches of Leverrier, Adams, Newton, 
Schiaparelli, Callandreau and Tisserand, as this is well-known 
to astronomers. 


’ VI. PART PLAYED BY THE RESISTING MEDIUM IN THE 
CAPTURE OF SATELLITES. 

In the foregoing discussion of the surfaces of zero relative 
velocity and constant relative energy, it is assumed that all the 
motion takes place in empty space, and is, therefore, wholly 
free from conditions, or any kind of obstruction. The differen- 


tial equations and the resulting Jacobian Integral rest on this 
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hypothesis. This same assumption pervades the whole science 
of modern dynamics, and lies at the basis of the work of all the 
great mathematicians who have dealt with the problem of three 
bodies and periodic orbits. The premise thus tacitly permeating 
so many branches of mathematical science is approximately 
correct for the present state of the solar system and for short 
intervals of time; but is false and incorrect when extended to 
the past history of our system, and to long intervals of time, 
because of the general prevalence of a resisting medium in space, 
which adds a small additional term to the differential equations 
and renders the accepted form of Jacobi’s Integral incomplete. 
Thus the complete Jacobian integral might be taken to be of 
the form 


- . 2(1—yn) 2u 
ie oe sails ar = - hes . > ; 
(z—zF + yt = Y is— ype rte 


=Cret ae 
the additional term of secular character, which we call at, rep- 
resenting the average rate of increase of the constant of relative 
energy, as the particle revolves against resistance and steadily 
drops nearer and nearer to the centers of attraction. The re- 
sisting medium, with the lapse of ages, has exercised the great- 
est influence in modifying the orbits of the heavenly bodies; and 
even now it is only in exceptional cases that this cause has 
wholly disappeared from our solar system or from the other 
similar systems existing in the sidereal universe. 

Let us now ascertain what modification in the ideal results of 
pure dynamics is required to take account of this neglected 
physical cause, and see if the inference just drawn is justified. 

1) In the first place, we notice the familiar result, that when 
a body revolves about the Sun or about a planet, wholly with- 
in the closed folds of the surfaces of zero velocity, the resisting 
medium decreases the instantaneous velocity at every point of 
the orbit; and, as the central attraction remains unchanged, the 
path, therefore, curves more rapidly than it otherwise would 
have done, and the result is that the body falls nearer the centers 
of attraction. This effect was known in the time of Newton, 
tor the case of a single central body, and applied by him to the 
great comet of 1680, which passed so near the surface of the 
Sun, and was supposed to have suffered some resistance from 
the Sun’s atmosphere. The decrease in the mean distance of all 
the planets due to resistance was distinctly recognized by Euler 
in 1749 (cf. Article by the writer in A. N. 4334). 

But the secular decrease in the eccentricity seems to have been 
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first established by Laplace in 1805, in Liv. X, Chap. VII, § 18, 
of the Mécanique Céleste. In A. N. 4308 the writer has shown 
that this is the true origin of the remarkable circularity of the 
orbits of the planets and satellites of the solar system. 

2) If such results follow for the resisted particle when it moves 
within the closed surfaces near either body, it is obvious that 
a similar result will take place when the particle circulates 
within the hour-glass or pear-shaped space enclosing both 
bodies. For when the particle has its instantaneous velocity 
diminished by resistance, it will drop nearer the attracting center 
or centers. This, of course, really increases the velocity, because 
the constant of relative energy is greatest near the bodies, and 
decreases as we go outward, as shown in Darwin’s Figure 1. 
Therefore we may say generally that resistance causes the parti- 
cle to drop nearer and nearer one or both masses, and thus it 
may finally pass within the closed folds about one or the other 
of the two bodies, and acquire in time a constant of relative 
energy such that it can never escape from these regions, in 
which the control is vested in a single mass. 

3) Therefore it follows that when our Moon is once safely 
under the control of the Earth (cf. Hill’s Collected Mathematical 
Works, vol. I, p. 297-301), and the other satellites of the several 
planets are under their respective controls, they must forever 
remain within these folds or closed surfaces, and their radii 
vectores will have superior limits. As far back as 1877 Hill re- 
marked that this condition is fulfilled by all existing satellites 
of the solar system, and was necessary for their stability (cf. 
Researches in the Lunar Theory, Collected Works, vol. I, p. 297). 

4) But it does not follow, as Professor F. R. Moulton and 
others have erroneously claimed (cf. Astrophysical Journal, vol. 
22, p. 177-178), in the case ot Phoebe, that because these satel- 
lites are now safely under the control of their several planets, 
they have never come to the planets from a remote distance. In 
such reasoning the effects of the resisting medium is wholly 
neglected, and this completely invalids all the argument based 
on the false premise that space is empty and the motion of the 
satellite unconditioned, according to the ideal conceptions of 
pure dynamics. This example affords us a good illustration of 
the improvement which may result in the equations of dynamics 
from their application to the motions of the heavenly bodies, 
under the actual conditions of nature. 
To be concluded. 
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THE ASTRONOMY OF MARS. 





WILLIAM H. PICKERING 


For POPULAR ASTRONOMY. 


The writer wishes to correct an erroneous statement which 
appeared under the above title in the August-September number 
of PopuLaR AsTRoNOMY, page 459, which is the more misleading 
and mischievous because of the editorial ‘‘we,’’ giving it an 
excathedra appearance. 

The statement in question reads in part as follows:—‘It is 
true that the science is in danger of being misrepresented, espec- 
ially in regard to present possibilities of communication 
between Mars and the Earth, which, of late, has been advocat- 
ed from a basis that does not even seem scientifically plausible. 
We do not say that great discoveries in the art of communica- 
tion through great distances may not be made some time in 
the future, but do say that no such thing is now possible, by 
the aid of the most refined appliances known to modern 
eciences .....” 

It is possible that the author of this statement is correct in 
saying that sucha plan of communication has been advocated, 
although the present writer does not know by whom. He does 
know that he himself declined an offer of a very large sum of 
money, that was offered for this purpose, with the statement 
that a much smaller sum could be at present more wisely ex- 
pended tor astronomical investigation of the planet. His advice 
however, was not accepted. The present writer’s views on the 
improbability of the artificial origin of the surface markings of 
Mars are perhaps too well-known to make,it worth while to 
discuss this point at greater length. 

The erroneous portion of the statement can, however, be very 
satistactorily discussed, because it is entirely a question of the 
most elementary mathematics, and the answer is, therefore, 
simply either ‘‘yes” or ‘‘no.’’ Although the computation was 
first made by the writer for his own amusement, nearly twenty 
years ago, it has never seemed to him of sufficient interest or 
importance to the astronomical world to publish it: anywhere, 
and he would not do so now, had not his definite statements 
been so directly called in question. By the term “possibility of 
communication with a remote planet’’ the writer means that if 
a portion of the human race, with their present knowledge and 











496 The Astronomy of Mars 





appliances were removed to that planet, and could live there, 
that it would be possible to communicate with them. Whether 
there are intelligent beings on Mars or on any other planet, the 
writer does not know. That is an entirely separate question, 
and has nothing whatever to do with the case. 

The constants required in our computation are as follows :— 


S = Mean distance from the Earth to the Sun 92,900,000 miles 
S = Mean distance of Mars to the Sun 141,500,000 

D = Mean diameter of the Sun from the Earth 1,922 

L= Stellar magnitude of the Sun —26.83 


The computation is made when Mars is situated in quadra- 
ture with the Sun. In this position its mean distance trom the 
Earth, M, is 108,000,000 miles. Let us imagine a mirror erect- 
ed upon the Earth of such a size that the whole disk of the Sun 
can be seen in it from Mars. Let dbe the diameter of the Sun 
as seen in this mirror, and / its magnitude. Then, 


DS 
d= 57 = 888” 

and 

I = 2.5 (log (S + M)* — log S$?) + L = —25.15. 
Let us now imagine this mirror so reduced in size as to reflect 
a circular beam whose diameter is only : of that of the 

- 1,000,000 

Sun’s disk. As seen from Mars the diameter of this beam will be 
0’’.00089, and its brightness, which will be reduced 30 magni- 
tudes, +4.85. The diameter on the Earth of such a beam will 
be a trifle less than half a mile. Therefore, allowing for absorp- 
tion and aninclined mirror, the sunlight reflected from an area 
of mirrors a little over half a mile square would appear to Mars, 
when in quadrature, of the brightness of a star of the fifth 
magnitude. When Mars was forty-five degrees from opposition, 
and its distance from the Earth was 61,000,000 miles, such a 
beam would be brighter than the fourth magnitude. 

This light would, of course, be very conspicuous from Mars 
with the naked eye, were it not for the brightness of the Earth 
itself. This materially modifies the problem. By holding a mir- 
ror so as to cover half of the area of a 6-inch objective, and by 
so doing projecting the image of a star of the 2.8 magnitude 
upon the disk of the Moon, the star was found to be just visible 
with a 2.5 inch eye-piece, With a higher power and steadier 
mirror, much better results would have been obtained, but on 
this basis a 24-inch objective should be able to show a star of 
the 6.5 magnitude when projected upon the disks of the Earth 








Intelligence on Mars or Venus 497 





or Moon. The object of using a higher power would be to reduce 
the light of the Moon without diminishing that of the star. 
With tour times the power, a signal of the 8.0 magnitude, 
should readily be detected, even after allowing for some magni- 
fication of the star image itself. 

It therefore appears not only that the plan of signalling to 
Mars by the system proposed is “scientifically plausible,’ but 
that if it were adopted, we should produce a signal that would 
be three to four magnitudes, that is 16 to 40 times brighter 
than necessary, and would, therefore, be dazzlingly conspicuous 
to Martian observers, if they were intellectually and physically 
our equals. 

In closing, the writer would only add that this plan of 
signalling to Mars is not now, and never has been (as is shown 
by a large portion of the contemporary press), advocated by 
the writer, until after we shall have obtained more definite in- 
formation that there are intelligent inhabitants upon Mars. 

Harvard College Observatory, 
Cambridge, Mass. 





INTELLIGENCE ON MARS OR VENUS. 





N. W. MUMFORD 


FOR POPULAR ASTRONOMY. 


The study of the possibility of reasoning existence on other 
worlds is of perennial interest, but intelligent speculation on the 
subject must be confined to the solar system, on account of the 
immensity of the void existing between that system and any 
other. Study of the habitability of the eight known major 
planets leads at once to the elimination of six of them. The 
habitability of the Earthis a matter of constant observation; 
that of Mercury may be negatived on account of extreme solar 
proximity and lack of atmosphere, and of the four outer planets 
Jupiter, Saturn, Uranus and Neptune, their remoteness from the 
central energy, as well as other conditions not discussed here- 
in, may well remove them from the field of consideration. Ob- 
servation upon the four has yielded negative rather than posi- 
tive results in numerous ways, so that with the exception of 
Jupiter, it cannot be certainly stated that any extensive parts 
of their actual surfaces have been seen. So far is this true, that 
the times of rotation of Uranus and Neptune remain to be 








498 Intelligence on Mars or Venus 





determined, although some recent observations have assigned 
to theirrotation periods 10.1 hoursand 12.86 hours respectively. 

The two solar satellites, Venus and Mars, nearest neighbors 
to the Earth, with the exception of the Moon and the minor 
planet Eros, on an occasional opposition, are lett for discussion; 
and in this it is intended that the assumption of the possibility of 
life in some form shall be granted, having only in mind the ques- 
tion as to the adaptability of either or both of the planets to 
the support of that form of life that is called intelligent or rea- 
soning, though of course, not necessarily in physical aspect, 
resembling man. 

Literature upon the appearance and characteristics of the 
two planets is very plentiful, but ts far from evenly distributed. 
The mass ot writings whose subject is the smaller and outer 
planet is much in excess of all that has ever been written upon 
Venus, and the problematical existence of the Hesperians. This 
literary favoritism to Mars may be properly attributed to the 
greater ease of observation of Mars, and the larger rewards 
for attention given him. The difficulty with which Venus can 
be viewed, and the little information that she returns for all 
the astronomer’s labor, has kept speculation upon Venus within 
quite narrow limits though in several important particulars she 
more nearly resembles the Earth than does any other known 
heavenly body. 

In diameter Venus is about 100 miles less than the Earth, 
which is reckoned at 7,926 miles. This resemblance is close, 
strikingly so ; there is no member of the solar system that in 
this respect at all approaches these two, according to terres- 
trial standards. The outer major planets are giant glohes, 
measuring from four to ten times the diameter of the Earth. 
Mercury is about 3,000 miles through, and the Moon a quar- 
ter the Earth’s axial measurement. Mars has a trifle more than 
half the apparent measure of the Earth and Venus, or 4210 miles. 

The identity in size between the Earth and Venus is followed 
by another similarity of equal importance, in the study of habit- 
ability from the human standpoint; namely, the correspond- 
ence in density between the two, which is practically the same. 
On the other hand, the density of Mars appears to be about 
seven-tenths that of the Earth. Likewise the masses of the 
planets are as 1 for the Earth, .8 for Venus, and about .11 for 
Mars, hence would follow a wide disparity between the gravita- 
tional force exerted on the stirfaces of the pair, and that on the 
outer planet. But this disparity is modified, for the fact that 
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gravity varies with the inverse square of the distance, acts as 
a counterpoise in the case of Mars for his inferior mass. Tak- 
ing the radial measurements, objects upon the surface of Mars 
lie only about 2,000 miles from his center of attraction, whereas 
that distance is about doubled for Venus and the Earth. The 
force of gravity at the Earth’s surface reckoned as 1 is for Venus 
nearly the same, and for Mars about .38; so that a man weigh- 
ing 150 pounds, transported to Mars would find his weight 
reduced to about fifty-seven pounds. 

The chief interest in these comparisons attaches to their 
resultant effects on the volume and mass of the planet’s atmos- 
pheres. The study of the air surrounding the two neighboring 
planets gives the following results; taking the volume of the 
Earth’s atmosphere as one, that of Venus is approximately .92, 
and that of Mars about .22; and in regard to mass, the Earth’s 
being reckoned at one, the mass of Martian atmosphere seems 
to be not over .10, and that of Venus not much more than the 
Earth’s. Observation of Venus indicates a dense atmosphere, 
but its true density is unknown. It is interesting to note the 
theoretical height of the barometer under such varied conditions. 
Normally at sea level, the terrestrial barometer records thirty 
inches, while on Mars its height would be about 2.5 inches, and 
on Venus approximately twenty-seven inches. 

The conclusion to be drawn from the study of atmospheric 
conditions, seems to be decidedly more favorable to the pres- 
ence of life as known on Earth, upon Venus than upon Mars 
Further light may be thrown upon an examination of the sub- 
ject, by a consideration of the kinetic theory of gases as related 
to atmospheric air. 

The molecules of air are constantly in motion at prodigeous 
activities, and are sustained with, or bound to, the governing 
body by its force of gravity. Nevertheless there are certain con- 
stituents of the Earth’s atmosphere that are continually flying 
off, or escaping into space; such as hydrogen, free hydrogen 
forming no appreciable part of the air. Upon experiment it is 
found that atmospheric molecules are continually controlled 
and held in sway, up to a certain limit of activity, beyond 
which limit of speed, which is called the velocity of escape, the 
molecules will tend to fly off and disappear from terrestrial con- 
straint. The velocity of escape for molecules of the Earth’s at- 
mosphere is found to be 6.95 miles per second, a speed so high 
that it is only in the case of the very lightest gases, that ter- 
restrial atmosphere is drained of any of its constituents. The 
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velocity of escape upon Venus is almost as high, namely 6.37 
miles per second, or quite sufficient to withhold water vapor, the 
prime essential with atmospheric air. On the other hand the 
velocity of escape upon Mars is computed at 3.13 miles per sec- 
ond, a speed high enough to retain carbonic acid gas, and parts 
of the terrestrial ingredients; but theoretically very little of the 
vapor of water. Telescopic examination of Mars seems to point 
to an almost entire absence of clouds, in an atmosphere exceed- 
ingly thin and clear. Some doubtful objects noted above the 
surface may properly be attributed to sand storms. On the 
other hand the consensus of opinion on the question of water 
vapor on Venus, is largely in favor of a very moist atmosphere, 
heavily laden with clouds. But on this point there are the 
Flagstaff observations, which deny the existence of clouds. 

The Flagstaff observations command attention, and introduce 
a view radically different from the foregoing as to the possibility 
of lifeon Venus. A publication on the subject from the Lowell 
Observatory states that the first essential for animate existence 
is the alternation of day and night. Observation at Flagstaff 
fixes the rotation of Venus as synchronous with her revolution, 
causing the planet to turn forever the same face to the Sun, as 
does the Moon to the Earth. The result is one hemisphere of 
excessive ovenlike heat, while the opposite hemisphere lies under 
perpetual glacial ice. The atmosphere is described as yellowish 
and free from clouds or apparent moisture. The surface shows 
distinct markings, strangely enough resembling those originally | 
drawn by Schiaparelli from Mars, similar markings to which, 
the Flagstaff observers also depict as present on Mercury. The 
synchronous rotation of Venus coincides with the distinguished 
Italian’s observations. 

In spite of the seeming period hereby put to the discussion, the 
thoughtful observer will still detect the possibility of animate 
existence upon Venus. It may be questioned whether the prime 
essential to life is axial rotation. If the choice of evils were al- 
lowed the human race, it would no doubt agree to dispense with 
rotation, rather than with eighty per cent of the Earth’s atmos- 
phere and water, and conform to Martian conditions. 

Here one may pause on a point of speculative interest. Will 
the dissolution of animate life on Earth, unnumbered ages hence, 
follow the slow development said to be presented by Mars, or 
pass through those dying phases of which Venus is said to 
show an example? Will tidal friction at the last put a stop to 
the sure and steady clockwork of rotation, and reduce one hemi- 
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sphere to a desert, jeopardizing or annihilating all existence, or 
will that phase arrive long after the Earth has reached and 
passed through the Martian stage, when by absorption into the 
Earth’s crust and evaporation, and by leakage into space, it has 
lost all moisture and atmosphere? The struggle for existence 
may be acute, indeed, upon Mars, and may be equally so upon 
Venus for fundamentally different reasons. Will humanity at 
the last take part in a struggle of both kinds? 

Upon considering the factors bearing upon both questions, it 
seems likely that the present phase of Venus more nearly resem- 
bles the Earth’s ultimate condition than the observed state of 
things upon Mars. The slowing down and eventual stoppage 
of terrestrial rotation may be incalculably tedious and distant, 
but the period of time to elapse, for the disappearance of air and 
water is infinitely long; and must remain so, while the Earth 
retains any thing like its present mass, and the law of gravity 
continues unimpaired. 

The difficulty of observation of Venus has already been referred 
to. The work was carried on at Flagstaff principally in the day- 
time, night observation being hindered by earth vapors, or by 
proximity to the horizon, since at her greatest elongation, at 
sunset Venus is only forty-seven degrees above the horizon, a 
little more than half-way to the zenith. 

In refutation of the observed absence of clouds above noted, 
their presence on Venus may be inferred from the very high 
albedo, or ratio of the light reflected from the planet to the 
total sunlight falling upon her. This ratio is much higher for 
Venus than for any other planet, a fact attributable possibly to 
the presence of masses of cumulous clouds. 

The remaining known characteristics of the planets may be 
briefly stated. The average distance of Venus from the Sun is 
nearly .7 that of the Earth, while Mars’ distance is 1.5 times 
that of the Earth. In regard to insolation or direct rays of the 
Sun’s light and heat received by the three bodies; if unity rep- 
resents the Earth’s amount, Venus will receive 1.9 as much, 
and Mars .43 of the same amount. Theoretically the tempera- 
ture of black bodies at the known distances from the Sun wil! 
vary as 176, 80 and —22 degrees Fahrenheit. The implication 
is not that such temperatures actually obtain, but experience 
shows that the figure set for the Earth is not very wide of the 
reality. The apparent size of the Sun’s disk trom the Earth isa 
little over half a degree in diameter, seen from Venus he ap- 
pears thirty-eight minutes in diameter, and from Mars twenty- 
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one minutes in extreme width. The absence of a vapor blanket 
is consistent with the drought conditions said to obtain on Mars, 
but is highly inimical to the preservation of an equable tempera- 
ture from day to day, since there is nothing to prevent the Sun’s 
heat being radiated at once, upon that luminary’s setting. 
The rotation of Venus is unknown, or is once in 225 days; and 
that of Mars is pertormed in thirty-seven minutes more than the 
Earth’s, or 687 times in the Martian year. Here the resem- 
blance to terrestrial conditions is more apparent than real. 
The resultant speed at the surface at the Earth’s equator is 
about 1,000 miles per hour, while on Mars the equatorial sur- 
face rate is approximately 537 miles. It Venus presents always 
the same face to the Sun, her axial inclination cannot, of course, 
have the smallest influence on her climate. The axial inclination 
of Mars is 24° 50’, or 1° 20’ greater than the Earth’s; hence 
the seasonal changes would much resemble those on the Earth, 
other conditions being similar. The Martian poles present white 
caps in winter, whose areas are much diminished in summer. 
The complete disappearance of the white cap is on record at 
least once. The surface presents telescopic lines, which the 
Flagstaff observers have made very numerous and very fine. An 
objection to the theory that the lines may be areas of irrigation 
is found in the fact of their immense length in some cases, and 
their geometrical straightness. Observation indicates that the 
Martian surface is not a smooth even plain, yet the feat of con- 
ducting water in every direction to great distances by the 
shortest arc, has not seemed to batfle the Martian engineers. 
Similarly the imagination must be staggered at the apparent 
extent of surface covered by irrigation at the seasonal changes. 
The so-called fruitful areas are depicted as extending from the 
polar caps across the equator to thirty-five degrees south or 
north latitude, with the arrival of the northern or southern 
summer, as the case may be. 

Many of the Flagstaff observations are unconfirmed by other 
research, though not necessarily rejected, as the instruments and 
atmospheric conditions at the Arizona station are acknowledged 
to be of the best. It has been pointed out that markings simi- 
lar to the grosser ones on Mars, have also been described at 
Flagstaff as present on Venus and Mercury, a coincidence that 
is singular enough to verge on the incredible. 

Upon returning to the original inquiry; from the foregoing 
considerations, which of the planets, Mars or Venus appears to 
be the better adapted to sustaining intelligent life? It can 
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hardly be denied that the conditions on Mars, where life may 
be granted to exist, must have modified the Martian species 
quite out of all form or semblance to those with which the 
human race is familiar. It is likely that only among the lowest 
forms of life would the botanist or biologist from the Earth 
look for similar species, and the ages would naturally have 
evolved a ruling race, adapted to great extremes of temperature, 
excessive drought and rarity of air, with form and character- 
istics that altogether baffle speculation. To admit so much is 
to admit the habitability of Mars after that planet’s kind. 

For Venus we have observational assurame of a world re- 
markably like the Earth, in several features that are commonly 
considered essential to the existence of the human race. The 
older observations on Venus which established her day as some- 
what like the terrestrial day in length, must be allowed to have 
established the possibility, the probability indeed, of highly 
developed animal life. 

But let it be granted that the rotation of Venus has been de- 
termined at the rate of once in the Hesperian year. In the grad- 
ual slowing down of the planet’s rotation through the ages, 
would not the intelligence of her inhabitants have risen steadily 
to each occasion’s height, and have met finally the last catas- 
trophe when the scorched and barren hemisphere forever faced 
the Sun? Here, in reality also, we cannot begin to speculate on 
the outward form of the Hesperian. In much diminished num- 
bers and ot slight physique, he was driven back, first to the 
poles for water and coolness, from thence to spread once more 
over his planet in the twilight zone of perpetual spring, when for 
him rotation had ceased. On one side of him lies half the world, 
a veritable furnace, and on one side eternal night binds the 
hemisphere in an iron frost that no life can endure. Between 
the two he is reconciled to a life strange enough, indeed, to 
human conceptions. Dr. Heward thus describes the supposedly 
habitable belt: ‘‘Between the two separate regions of perpet- 
ual night and day, there must lie a wide zone of subdued rose- 
flushed light, where the climatic conditions may be well suited to 
the existence of a race of intelligent beings.”’ 

It may be imagined that economic existence to the inhabitants 
of Venus would present few problems with an unlimited supply 
of water stored up on one hand and unlimited heat on the 
other. It would seem likely that they have long become accus- 
tomed to cyclonic disturbances, and have settled in the more 
favored tracts out of the regular trade of the winds. They are 
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bereft of a satellite no doubt, but did such exist, its station 
would be one of unstable equilibrium above the desert hemi- 
sphere, and ata great distance. 

To observers on the Earth, Venus at elongation has always 
been an object of delight and interest, in her unrivalled splen- 
dor and apparent proximity. But a little consideration will 
show that asa spectacle, that exhibition cannot compare with 
the earth-moon system as seen from Venus. When at her in- 
ferior conjunction and invisible to the Earth, the Sun’s light 
strikes the full Earth, with its Moon, and reflects to the inhab- 
itants of Venus a glorious star, incomparably finer than any- 
thing in their whole sky; casting no doubt, a distinct and 
appreciable light upon their darkened portion. As compared 
with the light from Venus at her greatest brilliance, the Earth’s 
reflected light when in opposition to Venus must be far more 
intense, because at such times, the Earth is only 26 million 
miles from Venus and reflects an entire hemisphere, instead of 
the half-moon phase, such as Venus presents at her brightest. 
In addition there is the reflection from the Moon’s surface, so 
that the system presents contrasting colors to the Hesperians, 
a splendid golden star attended by a silver satellite of one- 
fourth the size. 





THE SPECTRA OF SOME SPIRAL NEBULAE AND 
GLOBULAR STAR CLUSTERS.* 





E. A. FATH 

The spiral nebulae were first discovered by Lord Rosse with 
his great six-foot reflector. The peculiar form, so different trom 
the others such as the Orion nebula attracted some attention. 
Fora long time, however, the few spirals discovered were con- 
sidered exceptions, and it was not until the work of Roberts, 
Common and Keeler showed that this is probably the typical 
nebular form that they were carefully studied. 

Visual and photographic observations give us a knowledge of 
the form of the nebulae. The spectroscope must be used if we are 
to learn anything of their composition. As early as 1864 Hug- 
gins had shown that the irregular or green nebulae, and the 
planetary nebulae gave a bright line spectrum thus indicating a 





* For a complete account of theSe observations see Lick Observatory Bul- 
letins 5, 71, 1909. 
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gaseous composition. The same observer, however, found that 
many nebulae gave a continuous spectrum with the instruments 
at his disposal. One of the latter type was the famous Androm- 
eda nebula. 

The continuous character of the spectra of the so-called 
‘“‘white’’ nebulae was also confirmed by others, and this result 
remained unchallenged until 1899 when Scheiner of Potsdam 
reported having photographed the spectrum of the Andromeda 
nebula, and found several absorption lines. A short time later 
the same result was reported by Huggins. With the exception 
ot these two spectrograms there had been no evidence to con- 
tradict the prevalent opinion that the spectra of the ‘“‘white”’ 
nebulae, for the most part now known to be spirals, are 
continuous. 

The continuous character of these spectra was very difficult to 
interpret. The only known sources of continuous spectra are 
luminous solids, liquids or very dense gases. It did not seem 
reasonable to assume either of the first two conditions existing 
alone or even together without a gaseous envelope. But if the 
latter existed an absorption spectrum would be expected. 
Neither did it seem reasonable to suppose a dense mass of lumi- 
nous gas giving a continuous spectrum as this would require an 
exceptional balance of emission and absorption of energy. 
That such a balance should occur in all cases did not seem likely. 

Because of these considerations it was decided at the Lick 
Observatory to investigate these spectra. 

The instruments used were the thirty-six-inch Crossley reflect- 
or and a spectrograph which was especially designed and con- 
structed for efficiency in observing such faint objects as the 
spiral nebulae. A hydrogen comparison spectrum was used 
throughout. The Lumiére = photographic plates, the fastest on 
the market at the time, were used with one exception. 

Tests showed that moonlight in time had an appreciable ef- 
fect on the plate while an exposure was being made. Accord- 
ingly whenever the Moon was above the horizon, care was 
taken that the total effect of the moonlit sky should be con- 
siderably less than the amount found injurious. 

The spectrograms obtained were measured with a microm- 
eter microscope. The length of the spectrum on the plate from 
\ 3727 to 4 5007 is a trifle over one-eighth of aninch. From 
this it is easily seen that the wave-lengths obtained could not 
be very accurate. 

The extremely feeble intensity of the light of the spiral neb- 
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ulae, even the very brightest, is hard to realize. A comparison 
of stellar spectrograms taken with the instruments used in this 
investigation and those made with the Mills spectrograph (the 
instrument used at the Lick Observatory for the determination 
of the radial velocities of the stars) attached to the thirty-six- 
inch refractor shows that the latter would require an exposure 
of about 500 hours to secure a plate of the proper density of 
the Andromeda nebula which is one of the brightest of the 
spirals. An exposure of eighteen hours was sufficient to obtain 
a satisfactory plate with the instruments used. For one of the 
other nebulae the exposure time was over twenty-two hours. 

Because of the long exposures required it was possible to make 
only a beginning on the problem and thus far but six nebulae 
have been investigated. These are numbered 224, 1023, 1068, 
3031, 4736 and 7331 in Dreyer’s New General Catalogue of 
Nebulae and Clusters, the first being the famous nebula in An- 
dromeda. This nebula gives a spectrum similar to that of the 
Sun. N.G. C. 1068, on the other hand, has few absorption 
lines and five bright lines, the latter corresponding in position to 
bright lines in the gaseous nebulae. The others have spectra 
lying between these extremes. 

The results of this preliminary investigation may be summed 
up in the statement: No spiral nebula investigated has a truly 
continuous spectrum. Whiie this may be a step in advance, 
nevertheless it is wholly inadequate to answer the question as 
to the real nature of these interesting objects which the work 
of Keeler brought so prominently betore the astronomi- 
cal world. 

In trying to interpret the results it must be remembered that 
the spectrograms obtained record only the spectra of the denser 
central portions of the nebulae. In the case of the Andromeda 
nebula this amounts to five minutes of arc. Then too the very 
low dispersion of the spectrograph used undoubtedly masks 
much that is of fundamental importance. Whether the spiral 
arms will give the same spectrum as the central portion isa 
question which will be difficult to answer with present appliances. 

Careful consideration has been given to various hypotheses to 
account for the character of the spectra photographed. Only 
one hypothesis seems at all tenable and serious objections can 
be advanced against this one. It may be termed the ‘star- 
cluster” theory, reached by the following considerations: 

The only known sources of continuous spectra are luminous 
solids, liquids, very dense gases or possibly masses of gas of 
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great thickness. To produce bright lines or bands we require 
gases or vapors rendered luminous by heat, electric discharges 
or chemical change, or substances made to fluoresce by energy 
supplied by some external agency. For absorption lines or 
bands to be present the necessary condition is an absorbing 
medium, usually of a gaseous nature, between a source of con- 
tinuous radiation and the observer. These are, for the most 
part, well-established experimental facts. 

The primary or fundamental part of the spectra of the spiral 
nebulae is a continuous background. This is interrupted by 
absorption, lines, and superimposed upon it in some cases are 
bright lines or bands. The matter producing the lines, bright 
or dark, must be assumed to lie between the source of continu- 
ous radiation and the observer. Hence we conclude this source 
to be surrounded by a gaseous envelope, of physical condition 
varying in the different nebulae and corresponding to the vari- 
ous spectra obtained. The only celestial bodies of this type 
with which we are acquainted are the stars. 

The hypothesis that the central portion of a nebula like the 
great one in Andromeda is a simple star may be rejected at 
once unless we wish to modify greatly the commonly accepted 
ideas as to what constitutes a star. Assuming, however, an 
unresolved star cluster consisting of stars mainly of solar type 
we would seem to have a sufficient explanation of the spectro- 
grams of the Andromeda nebula. But the question arises: Is 
it reasonable to assume that in a condensed ciuster we should 
have stars of one spectral type strongly predominating ? 

In seeking an answer to this question it was found necessary 
to investigate clusters also as no spectrographic work had ever 
been done on these objects so far as the writer could determine. 

From the Crossley negatives three dense clusters were selected 
for trial: N.G. C. 6205, 7078, and 7089. The first, the famous 
cluster in Hercules gave evidence of containing stars of different 
spectral types, while the other two gave F-type spectra only. 
If we could view such a cluster from a distance so great that it 
could not be resolved into its component stars there is no ques- 
tion but that it would continue to give such spectrograms as 
have been described. Wethus have the question as to whether 
clusters can be found in which stars of one spectral type pre- 
dominate answered in the affirmative. 

The “‘stur-cluster’’ interpretation of the results obtained stands 
or falls by the question of parallax, but a comparison of these 
with the parallax of the Andromeda nebula as found by Bohlin 
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is not as satisfactory as could be desired. 

The theory as given above is not a new one, but with the ex- 
ception of the work of Scheiner and Huggins on the Androm- 
eda nebula there were no facts, so far as the writer has been able 
to find, to support it. Even now the material is very meager 
and more questions have been raised than answered. We still 
know nothing concerning the spectra of the spiral arms and 
little or no light is shed on the fundamental questions of the 
origin of the spiral nebulae, their relations among themselves 
and to other stellar objects. These questions must be left for 
the future. 

Mt. Wilson, July, 1909. 





AN ASTRONOMICAL THEORY OF THE MOLECULE 
AND AN ELECTRONIC THEORY OF MATTER. 


Solar and Terrestrial Physics Viewed in the Light Thereof. 





SEVERINUS J. CORRIGAN. 





For PorvuULAR ASTRONOMY. 


Part IV. (Continued.) 


THE TERRESTRIAL ATMOSPHERE. ITS VOLUME, EXTENT, DEN- 
SITY, PRESSURE, TEMPERATURE AND THE METEORO- 
LOGICAL EFFECTS CAUSED THEREIN BY THE 
SOLAR ELECTRO-MAGNETIC 
RADIATIONS. 

In the zones of matter detached at distances corresponding 
to the mean distances of the planets Saturn, Uranus, and Nep- 
tune, I have found the aphelion distances of, respectively, the 
tollowing number 3, 2, and 7; while the distances, beyond the 
orbit of Neptune, to the outermost limit of the primitive solar 
nebula at 12,850 and the number of comets having aphelion 
distances corresponding to the aforesaid distances and included 
in the respective zones of detached matter are tabulated as fol- 


lows: the distances being in units of the Sun’s mean distatice 
from the Earth. 








: - —— 
| 54 92 | 159 | 275 | 476 824 | 1428 | 2474 | 4284 | 7420 
| 

Number of Comets > Tt; 8 7 8 | 9 3s; 4| 323 t) 
| | | 


Distance of Zone 








Reasoning by analogy from the fact that a considerable num- 
ber of periodic comets are found to have aphelion distances in 
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the same zones in which the four great known planets may, 
it may be inferred that with the possible exception of the zones 
at distances 53, 4284, and 7420 similar planetary bodies also 
exist at, or near, the other distances set forth in the above table, 
although it is very possible that in these three excepted zones— 
and even in all of the others tabulated—matter exists only in 
a state of diffusion, or mayhap, in only minor condensations 
such as the asteroids. But the number of comets known to 
move in elliptical orbits is comparatively small, and, moreover, 
if all those now regarded as parabolic could be observed from 
the Earth in suitable positions, and under other favorable con- 
ditions, many, if not all, would probably prove to be e/Jiptical, 
so that each, and every, zone would have its quota. Under such 
conditions it would appear most probable that all cometary, as 
well as planetary, bodies would be found to have their origin 
within the solar system considered as bounded by the limits of 
the primitive gaseous nebula whence it has been derived in the 
manner described on preceding pages. 

The secondary condensations, of considerable mass and di- 
mensions, that were formed in, and from, the detached matter, 
underwent heat-generating compression in the same manner as, 
and by reason of the action of the same forces that operated, in 
the case of the primitive nebula, these condensations having be- 
come the planetary bodies of the solar system as we know them. 
When the process began these were at the relative density and 
absolute temperature of the gaseous matter of the zones in 
which they were formed, and the initial radius of each mass 
when it was at maximum expansion and began to contract, is 
found by dividing the present known density of each planet by 
the relative density of the matter in the zone, whence it has been 
formed, and then extracting the cube root of the quotient ob- 
tained by said division. Just as in the case of the primitive 
nebula, matter was detached, at definite distances, from each 
slowly contracting secondary, or planetary, condensation, and 
in the zones of matter so separated (or at least in some of them) 
tertiary considerations were, in like manner, formed, and these, 
after undergoing a process of compression and development simi- 
lar to that in the case of the primary, or solar, condensation, and 
the secondary, or planetary, condensations, have become the 
satellites of the planets, the Moon, in the case of the Earth, 
being a result of this process, and, in this wise, a derivative of 
the terrestrial condensation that now constitutes our globe. 
St. Paul, Minn. To be continued. 
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Planet Notes. 





PLANET NOTES FOR NOVEMBER, 1909. 





Mercury will be visible as morning star fora few days at the first of the 
month. At the end of the month it will be near superior conjunction and 
therefore invisible. 

Venus is evening star and will increase rapidly in brilliancy during this 
month. The phase is gibbous decreasing from 0.637, Nov. 1, to 0.507, Dec. 1. 
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SOUTH HORIZON 


THE CONSTELLATIONS AT 9:00 P. M., NOVEMBER 1, 1909. 


This will be the most favorable month for the study of Venus, because of the 
large angle of elongation from the Sun, which angle reaches its maximum on 
December 2. 

Mars has been a wonderful object ‘in the southeastern heavens during the 
September evenings. On account of the near approach of Mars to the Earth at 
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this opposition the apparent disk of the planet as seen in the telescope has been 
unusually large. The polar caps and the larger markings are easily seen with 
ordinary conditions of our atmosphere. 

At Northfield we have spent some time trying to catch certain sight of the 
“canals” but have never suceeeded in seeing a single one of them clearly defin- 
ed. There have been tantalizing moments when it seemed as if they were about 
to reveal themselves, but these moments never lasted very long. The network 
of markings over the great ‘‘continents”’ is usually vague and hazy. In several 
of the best views which we have had the dark blue areas were overlaid with 
misty gray patches suggestive of cloud areas. The south polar cap, which is 
now turned toward us, is very conspicuous and white, but is small and round,— 
not more than 300 or 400 miles in diameter. 


Jupiter may be seen in the east in the morning. 


_. 


Saturn is about 25° east of Mars and so is easy to turn to when one is 
studying Mars. The two planets are brighter than any stars in that region of 
the sky, and so are easily picked up. The rings of Saturn are easily seen with 
a small telescope, and they are wide enough open now to reveal the different 
divisions, when the seeing is good. 


Uranus may be found towards the south in the early evening, in the con- 
stellation Sagittarius. It requires the aid of a good telescope to distinguish the 
planet from the stars. On November 23 at7 P.M. central standard time 
Uranus will be in conjunction with Venus, the former being then 2° 33’ north 
of the latter. 


Neptune is to be found in the morning with the aid of a powerful telescope, 
in the constellation Gemini. 





Occultations visible at Washington. 


IMMERSION EMERSION. 
Date Star's Magni- Washing- Angle W ashing- Angle Dura- 
1909 Name tude. ton M.T. ff'm N. ton M.T. f'm N tion 
h m = h m ” h m 
Nov. 19 35 Capricorni 6.0 3 19 89 4 38 232 1 19 
19 37 Capricorni 5.7 8 36 33 9 35 272 0O 59 
21 336 B. Aquarii 6.3 Li 66 53 12 54 248 0 5&7 
22 24 B. Ceti 6.0 4 15 73 5 22 225 1 O7 
23 26 Ceti 6.0 4 45 43 5 47 253 il @2 
23 33 Ceti 6.1 8 58 61 10 12 224 1 14 
23 f Piscium S.1 i3 31 68 14 29 238 0 58 
26 w Tauri 4.8 a7 «619 120 18 02 222 O 43 
29 A Geminorum §.1 iz £2 126 18 18 259 1 O06 





Saturn’s Satellites, 


I. Mimas. Period 0% 225.6 


Nov. 1 59 E£E Nov. 8 7.6W Nov. 15 9.2 E Nov. 22 10.9 W 
3 14.6W 9 6.3 W 16 7.8 E 23 9.5 W 
4 13.3 W 10 4.9 W 17 6.4 E 24+ 8.1 W 
5 11.8 W 12' 333 2 18 5.0 E 25 6.7 W 
6 10.4 W 13 12.0 E 20 13.7 W 26 5.3 W 
7 9.0 W 14 10.6 E 21 12.3W 29 12.6 E 


30 
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Saturn’s Satellites.—Continued. 
Il. Enceladus. 


Period 14 85.9, 





h h h h 
Nov 1 48 E Nov. 9 10.1 E Nov. 17 15.4 E Nov. 25 20.7 E 
213.7 E 10 19.0 E 19 0.3 E 27 5.5 E 
3 22.6 E 12 38 E 20 9.1 E 28 14.4 E 
5 7.4 E 138 12:7 EB 21 18.0 E 29 233 E 
6 16.3 E 14 21.6 E 23 2.9 E 
8 1.2 E 16 6.5 E 24 11.8 E 
IIl. Tethys. Period 14 215.3. : 
Nov. 1 21.0 E Nov. 9 10.2 E Nov. 16 23.4 E Nov. 24 12.6 E 
3 18.3 E 11 71.5 EB 18 20.7 E 26 9.9 E 
5 15.6 E 13 4.8 E 20 18.0 E 28 7.2 E 
7 129 E 15 a4 & 22 18.3 E 30 4.5 E 
IV. Dione. Period 2¢ 12.7. 
Nov. 1 17.3 E Nov. 9 22.2 E Nov. 18 3.2 E Nov. 26 8.2 E 
4 109 E 12 15.9 E 20 20.9 E 29 1.9 E 
7 #446 E 15 9.6 E 23 14.5 E 








? 
2 
North 
V. Rhea. Period 44 12".5. 
Nov. 4 18.9 E Nov. 13 19.6 E Nov. 22 ‘20.3 E Nov. 27 87 E 
9 7.3 E 18 8.0 E 
VI. Titan. Period 154 235.3. 
Nov. 1 04S Nov. 9 6.21 Nov. 16 22.1S Nov. 25 4.11 
5 3.3 E 13 2.1W 21 it £ 29 0.1 W 
VII. Hyperion. Period 21% 7.6. 
Nov. 11E Nov. 11.2 W Nov. 22.2 & Nov. 27.9 I 
6.8 I 16.0 § 
VIIT. Iapetus. Period 79% 22.1. 
Oct. 18.4 E Nov. 16 1 Nov. 27.2 W Dec. 16.48 





COMET NOTES. 





. Halley’s Comet found Sept. 11, 1909.—A cablegram received from 
Kiel, Germany, to Harvard College Observatory announced the discovery of 
Halley’s comet upon a photograph taken by Wolf, at Heidelberg on the night 
of Sept. 11. Later telegrams state that the comet was photographed with the 
Crossley reflector at the Lick Observatory on Sept. 12, 13 and 14. In all the 
cipher telegrams the symbol used to ifidicate the comet’s brightness is the nu- 
meral 5, which signifies visible in a large telescope. 
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The region indicated by the photographs was carefully examined with the 
sixteen-inch telescope of Goodsell Observatory onthe night of Sept. 16, but no 
trace of the comet could be detected. It must, therefore, be exceedingly faint 
and beyond the reach of most telescopes visually. 

The following photographic positions are at hand : 


Greenwich m. t. R.A. Decl. Place of Observation 
h mn 8 =) , ” 

Sept. 11.5642 S i i2 -17 11 KGnigstuhl-Heidelberg 
12.9377 6 18 28.9 +17 10 54 Mt. Hamilton 
13.9877 6 18 37.5 +17 10 28 Mt. Hamilton 
14.9789 6 18 45.0 +17 10 07 Mt. Hamilton 


These positions agree very closely with an ephemeris given by Dr. J. 
Holetschek in A. N. 4330, calculated on the assumption that the perihelion pas- 
sage of the comet would take place April 16.45 Paris mean time. The agree- 
ment can be made very nearly exact by assuming the date of perihelion to be 
April 18.0. This date will bring the comet to the descending node of its orbit 
twenty-two days earlier than indicated in our chart in PopuLar AsTRONOMY, 
May, 1908, or about May 18. The Earth will pass the comet’s line of nodes 
on the morning of May 19, so that there seems to be quite a close chance of the 
Earth’s passing through the tail of the comet. The head of the comet will at 
that time be between us and the Sun and about 13,000,000 or 14,000,000 miles 
distant. A few days before and a few days after that time it should be a 
magnificent object, first in the morning and then in the evening sky. 


EPHEMERIS OF HALLEY’s COMET. 


Perihelion April 16.45 Paris m. t. 
Paris mm. t. a 5) 


Brightness 
1909 ” = . - 
Aug. 13.5 6 8.1 +17 19 16.0 
23.5 12.5 17 18 15.8 
Sept. 2.5 16.1 17 16 15.6 
12.5 18.4 if 13 15.4 
22.5 19.1 17 09 15.1 
Oct. 2.5 17.6 17 05 14.8 
12.5 13.1 17 02 14.5 
22.5 6 04.6 16 59 14.1 
Nov. 1.5 5 50.8 16 56 13.8 
11.5 5 30.0 +16 49 13.4 





Elements and Ephemeris of Winnecke’s Periodic Comet.—In 
A, N. 4330 Professor C. Hillebrand gives new elements of Winnecke’s periodic 
comet, taking account of the perturbations by Jupiter in the interval from 1904 
to 1909. The changes in the elements due to the disturbance by Jupiter are 
quite considerable, amounting to 6°51’ in the mean anomaly, so as to bring 
the time of perihelion passage early in October instead of in November. During 
October the comet will be more favorably situated for observation in the south- 
ern hemisphere than in the northern. 
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Sept. 30 


1 


12 


log q= 9.925730 
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ELEMENTS OF WINNECKE’'S COMET. 


Epoch and Osculation Oct. 4.0, 1909, Berlin mean time. 


M = 359° 09’ 12’’.69 
*e=271 36 54 .08 


Vv = 99 21 20 .43' 1909.0 
i 18 16 57 58] 

¢ 44 34 45 .82 

u — 602”.157093 


x = [9.978130] r sin (v + 
y = [9.974786] r sin (v -+ 2 
z= [9.656335] r sin (v + 2 


8 39 41 


7 
32 17 


EPHEMERIS OF WINNECKE’S COMET. 


2° 06’ 10’.4) 


49 .6). 


The ephemeris given in A. N. 4330 extends from June 30 to October 12. 
Only the portion for October will be useful here. 


, 7 ape. 6 app. logr 1:72 
14 48 54 —12 25.6 9.99145 0.19917 0.416 
52 56 12 58.7 
14 57 O1 13 319 
15 O01 O8 14 04.9 
S. ki 14 37.9 9.98892 0.19449 0.430 
9 28 15 10.7 
13 42 15 43.3 
17 58 16 15.9 
22 17 16 48.3 9.98791 0.19044 0.440 
26 38 17 20.3 
31 02 Lt &2.2 
35 28 18 23.8 
15 39 57 —18 55.3 9.98848 0.18709 0.446 





Hyperbolic. 


T = 1886 May 4.520247 
w= 38° 44’ 33.37 


II 


Elements of the Orbit of Comet 1886 IITI.—In A. N. 4347 Professor 
H. Kobold gives new elements of the comet 1886 III, depending on six normal 
places derived from all the available observations. 
places were 1886 May 3.0, 5.5, 8.5, 11.5, 22.5 and June 2.5. 
represented slightly better by hyperbolic than parabolic elements. 
probable elements are as follows : 


The dates of the normal 


The normals are 
The most 


Parabolic. 
1886 May 4.456382 Gr. m. t. 
38° 35’ 07.42) 


= 287 54 02 .00 287 47 O09 .20} 1886.0 
i =100 O9 46 .49 100 13 06 .22) 


9.925315 
e = 1.013032 
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VARIABLE STARS 





Minima of Variable Stars of the Algol Type. 


[Given to the nearest hour in Greenwich Mean Time beginning with noon. To reduce to 
Central Standard time subtract 6 hours, or for Eastern time subtract 5 hours.] 
SX Cassiop. RZ Cassiop. RY Aurigz RW Monoc 
d h d h d t h 


h d 





RT Persei 
i 


Nov. 30 22 Nov. 25 18 Nov. 


Ste 





ee ak 





1 22 Nov. 1 21 Nov 15 11 
26. 22 2 19 4 15 17 9 
SY Androm. 28 3 23 15 2 19 6 
Nov. 22 15 29 8 24 11 10 2 21 4 
30 12 25 8 12 19 23 2 
_ U Cephei RX Cephei ~6 + 15 13 25 0 
Nov. 1 Nov. 29 21 7 1 8 6 26 22 
a is ~ sents SW at as 21 0 28 19 
6 4 ST Persei 28 iT 23 17 30 17 
8 16 Nov 1 1 29 14 26 11 
11 4 a i7 xo 10 29 + 
13 16 =. RX Geminorum 
16 3 > 9 \ Tauri RZ Aurigz los. 8 F 
18 15 11 15 Nov. 2 5 Nov. 2 11 *8 . 
21 3 14 7 6 4 5 il 30 12 
23 15 16 22 10 3 8 12 
26 | 19 14 14 1 1: ie 
298 15 22 6 gS ¢ 14 13 - 
4 21 a. on 17 13 ‘ RU Monee. 
Z Persei 27‘ 33 95 32 20 13 Nov. & i 
Nov. 2 19 30 4 299 21 23 14 = in 
& 21 Alo 26 14 — , 
8 22 os 6 RW Tauri 99 14 + a 
11 23 6 2 Nov. 2 8 > 8 
i 9 O 5 2%" RWGeminorum = 
is 2 11 21 7 20 Nov. i 3 4 3 
= 1: 17 Ns : = 9 1 
24 065 17 14 = 6 21 9 29 
27 6 20 11 16 4 9 18 10 20 
30 7 23 8 18 22 [2 + 11 17 
ye 21 17 15 11 fl 
sae deis P 26 ° 3 is 
RY Persei 29 «4 24 11 18 8 - 
Nov. 3 20 ae 97 6 21 5 13°12 
20 if RT Persei 30 0 24 9 14 10 
17 16 Nov. 1 13 26 29 15 7 
24 11 2 9 RV Persei 29 19 16 5 
3 ¢ Nov. 2 18 = ‘ 17 2 
RZ Cassiop. 4 2 4 1% U Columb 18 0 
Nov. 1 20 4 22 6 17 Nov. 2 10 18 21 
3 1 5 19 8 16 5 5 19 19 
4 5 6 15 10 15 8S 0 20 16 
5 10 7 79 12 15 10 19 21 14 
6 15 8s 8 14 14 13 15 22 11 
7 19 9 4 6 13 16 10 23 9 
9 0 10 1 18 13 19 5 24 6 
10 5 10 21 20 12 22 O 25 4 
11 19 11 18 22 12 24 19 26 1 
12 14 12 14 24 11 27 15 26 23 
13 19 13 10 26 10 30 10 27 20 
15 O ‘aA ¢ 28 10 28 18 
16 4 15 3 30° 9 RW Monoc. 29 15 
17 9 16 O PW Persei Nov. 2 3 30 12 
18 14 ae ~ar ae 4 0 
19 18 oe a 5 22 = 
20 23 18 13 - . 7 29 RYGeminorum 
22 4 19 9 RS Cephei 9 18 Nov. 8 21 
2; 8 20 5 Nov. 2 83 11 15 18 4 
26 18 21 2 19 21 i3 i3 2: itl 
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Minima of Variable Stars of the Algol Type.—Continued. 


R Canis Maj. V Puppis 
d h d h 
Nov. 1 14 Nov. 23 3 
2 17 24 14 

3 20 a | 

5 O 27 12 

6 3 28 23 

7 #6 30 10 

C 

4 on X Carinze 
10 16 Period 135.0 
11 19 Nov. 1 5 
12 22 27 
14 2 3 9 
15 5 4 11 
16 8 5 13 
17 21 6 15 
18 15 7 17 
19 18 8 19 
20 21 9 21 
22 «0 10 43 
23 4 12 1 
94 7 13 3 
25 10 14°05 
26 14 4 
27 17 16 9 
28 20 17 11 
29 23 18 13 
39 16 

Y Camelop. 20 17 
Nov. 2 15 21 19 
5 22 22 21 

9 6 23 23 
12 13 25 1 
15 20 26 3 
19 4 27) 5 
22 11 28 7 
25 18 29 9 
29 2 30 11 

: S Cancri 

RR Puppis y. F ‘ 
Nov. 63 Nov. 2 12 
11 13 a pop 
17 23 os 
24 10 sa 
30 20 S Velorum 

V Puppis Nov. a = 
Nov. 1 7 17 1s 
2 18 . a7 

4 5 23 17 

5 16 29 15 

7 8 Y Leonis 

8 14 Nov. 1 14 
10 1 S$ 6 
11 12 4 23 
12 23 6 15 
14 10 8 8 
15 21 10 O 
Ly a 4 11 17 
18 18 13 9 
20 5 15 1 
8 


Y Leonis 


d h 

Nov. 18 10 
20 3 

21 19 

23 12 

25 4 

26 21 

28 13 

30 6 

RR Velorum 
Nov. 2 10 
4 7 

6 3 

Ss 0 

9 20 

2 27 

18 18 

15 10 

17 6 

19 3 

20 23 

22 20 

24 16 

26 13 

28 9 

30 6 

SS Cancri 
Nov. 1 1 
5 9 

8 i¢ 

11 23 

15 6 

18 13 

2i 21 

25 + 

28 11 

RW Urs. Maj. 
Nov. 2 i7 
9 1 

17 9 

24 17 

Z Draconis 
Nov. 1 14 
2 23 

4 8 

5 16 

'. & 

8 9 

9 18 

mam 2 

13 20 

15 4 

16 13 

At 24 

19 6 

‘20 15 

a. 28 


Z Draconis 


d h 
Nov. 24 16 
26 1 
27 9 
28 18 
30 3 
SS Centauri 
Nov. 2 @k 
5 8 
7 20 
10 7 
12 19 
15 6 
17 18 
20 5 
me Ute 
25 + 
27 16 
30 3 
Z Herculis 
Nov. 1 8 


5 & 

9 8 

13 7 

: i rn | 

21 rj 

25 7 

29 7@ 
RS Sagittarii 
Nov. 19 
4 5 

6 15 

> & 

eae | 

13 21 

a6 «6 

ro ly 

21 8 

23 #13 

25 23 

28 9 

30 19 

V Serpentis 
Nov. 1 5 
4 16 

8 3 

11 14 

15 O 

a8 Az 

21 22 

25 9 

28 20 


RZ Draconis 
Period 13,2 
Nov. 


Ol Co ho 
DOr 


RZ Draconis 


Nov. 


RX Herculis 


Nov. 


d 
6 
7 


8 


CONS O- Gd 





h 
11 
13 
16 
18 
21 
23 








OnNfPNwS 
Tice HRNse oy 


19 
16 
14 
11 





_ es ete DD 
OOK FANON OS 
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RV Lyre 
d h 


Minima of Variable Stars of the Algol Type.—Continued, 


SW Cygni RR Delphini 
d h d h 


Novy. 1 23 Nov. 3 14 Nov. 23 3 
5 14 8 4 ae iF 
9 + 12 17 
12 19 7 VV Cygni 
16 9 21 21 Nov. 2 6 
19 23 26 11 3 17 
23 14 5 4 
27 4 —— : S i5 
30 19 _ YW Cygni 8 3 
Nov. 5 10 9 14 
, is Ze ‘ 
U Sagittae 99 7 + 2 
Nov 3 12 20 7 12 13 
. ‘4 30 17 14 1 
5 21 =. sis 
10 6 _ ; 15 12 
-— a2 UW Cygni 17 +O 
13 s0 + 18 11 
17 o Nov nm Sk ‘ 
20 10 5 22 19 23 
re ie 21 10 
23 19 9 9 res 
27 4 12 20 O4 31 
30 17 16 7 — 
19 17 = . 
SY Cygni 23+ = 
im. 8 2 26 15 28 19 
9 22 30 2 300 7 
15 22 TS (went 
21 22 W Delphini ie se 
27 22 Nov. 5 2 eee 
9 21 143.1907 Andr. 
WW Cygni 14 17 Nov. 3 12 
Nov. 2 a0 19 12 6 6 
5 23 24 7 9 0 
9 6 29 3 11 19 
12 14 14 13 
15 21 RR Delphini iy | 
19 5 Nov. 4 18 20 «2 
Z2 i38 9 8 22 20 
25 20 13 22 25 14 
29 4 18 is 28 9 





SX Sagittarii U Scuti 
d h d h 
Nov. i 238 Mev. i2. 12 
+ 1 3 1 
6 3 14 10 
10 7 15 9 
12 9 16 8 
14 10 17 7 
16 12 18 6 
18 14 19 5 
20 16 20 + 
22 18 21 2 
24 20 22 1 
26 22 23 oO 
28 2 23 23 
‘ 24 22 
RR Draconis 25 21 
'y Nov. 2 22 26 20 
,! 5 18 27 19 
i 8 14 28 18 
f 11 10 a0 ig 
HY 14 6 30 16 
iy 2 
—_— 
ss RX Draconis 
on : Nov. 1 7 
= = 3 4 
28 10 5 2 
U Scuti 6 23 
Nov. 1 1 S zi 
2 0 10 18 
2 23 12 16 
3 22 14 13 
4 21 16 10 
5 20 18 8 
6 19 20 5 
7 18 aa 3 
8 16 24 0 
9 15 23 22 
10 14 27 19 
ss: is 29 17 
the names of the stars. 
SY Cassiop. RX Aurigz 
d h d h 
Nov. 418 | (4 9) 
s 20 Nov. 6 20 
12 22 18 11 
16 23 30 2 
1 1 Y Aurige 
—  « (—O 18) 
a : Nov. 1 1 
_ 4 21 
7 8 18 
12 15 
j RW Cassiop. 16 11 
' (-—5 19) 20 8 
Nov. § i2 24 4 
20 r § 28 1 











T Monoc. 


d 
(—9 


Nov. 17 17 


W Geminorum 


(—2 2) 
Nov. 6 14 
14 12 

22 10 

30 8 


¢ Geminorum 
(—5 0) 


Nov. 10 12 
20 16 
30 19 





Maxima of Variable Stars of Short Period not of the Algol Type. 


Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 


RU Camelop. T Velorum 


d h . d h 

(—9 12) Nov. 16 10 
Nov. 11 4 21 2 
V Carine Z 3s 

(—2 4) 30 9 


Nov. 4 8 


11 1 W Carinze 


~ (—1 0) 

a, 4, BOW «68 12 

= q 21 

T Velorum 12 6 
(—1 10) 16 i5 

Nov 2 32 21 O 
rf + 25 9 

11 19 29 18 
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Maxima of Variable Stars of Short Period not of the Algol Type.-Con 
RZ Centauri 


S Muscze 


d h 

(—3 11) 
Nov. 10 14 
20 6 

29 22 
T Crucis 

(—2 2) 
Nov. 5 14 
12 8 

19 1 

25 19 
R Crucis 

(—1 10) 
Nov. 4 12 
10 8 

16 #4 

21 23 

27 19 

S Crucis 

(—1 12) 
Nov. 3 16 
8 9 

18 32 

7 & 

22 11 

at 3 


RZ Centauri 


Nov. 


a 
RPCOODNAOUFONeH 


12 


Dee eee ee 
SCEOBDNACSw 


12 Nov. 


10 
9 


0 
23 
21 


20 
18 


1 
15 


14 


12 
11 
9 
8 
6 


d h 
Nov. 21 5 
22 : 
23. 2 
24 23 
25 21 
26 20 
27 18 
28 17 


29 15 


B Lyre 


d h 

(—3 7) 

(— 3 2) 
Nov. 5 20 
12 2 

18 18 

95 ia) 


30 14 
RV Ophiuchi 
Minimum 
Nov. ao s 
6 23 
10 15 
14 8 
18 O 
ae Oe 
25 9 
29 2 


X Sagittarii 
( 


—2 22) 
Nov. 6 O 
i3 0 
20 0 
oF 6 

Y Ophiuchi 
(— 6 5) 
13 6 
30 9 

W Sagittarii 
(—3 0) 
Nov. 4. 20 
12 10 
20 1 
27 is 

Y Sagittarii 
2 2) 
Nov. 4 19 
10 14 
16 9 
22 3 
27-22 


U Sagittarii 


(—2 23) 
Nov. 6 18 
i3 12 

20 6 

26 23 


« Pavonis 


(—4+ 7) 
Nov. 9 14 
18 16 

27 19 

U Aquilae 

(— 2 4) 
Nov. 2 0 
9 O 

1S 2} 

23 3 

20 2 


UV ulpe cue 
(— 2 


Nov. 2 6 
10 5 

1s 5 

26 «64 

SU Cygni 
(—1 7) 
Nov. 2 18 
6 14 

10 10 

14 7 

18 3 

21. -23 

25 20 

29 16 
» Aquilae 

(— 2 6) 
Nov. 5 s 
a2 413 

19 17 

a0 «623 

S Sagittae 
(—3 10) 
Nov. 417 
13 3 

21. 12 

29 21 


X Vulpeculae 


Y Lacertae 


d h d h 
‘—2 4%) Nov. 18 21 
Noy 4 28 65 
9 11 ot 12 

16 19 
22 3 6 Cephei 
28 10 Nov. 2 18 
Ss 8 
V Vulpeculae 13 22 
Minimum 18 21 
Nov. 30 1 24 353 
X Cygni = 

(—6 19) 
Nov. 2 1 V Lacertae 
18 10 (—1 16) 
T Vulpeculae Nov. : , . 
(—1 10) 8 23 
Novy. a s 13 23 
12 0 23 22 
16 10 28 22 

20 20 

95 7 X Lacertae 

299 17 Minimum 
Nov. 4 12 
TX Cy gni 9 22 
Nov. « 35 156 9 
22 8 20 20 
26 6 


a 

as) 

QD 
2 
iE 


(—2 14) 

Nov. cs ae 
16 13 

23 10 

VZ Cygni 

(—2 12) 

(—3 6) 
Nov. § 10 
10 10 

15 4+ 

20 4 

24 21 

29 21 


Y Lacertae 


(—1 10) 
Nov. i & 
& 2s 

10 6 

14 14 





SW Cassiop. 


Nov 1 ‘ 
6 20 

12 9 

at 2 

23 11 

28 23 


RS Cassiop. 


(—1 
Nov. 6 
12 

18 

24 


19) 
1 

8 
16 
23 


RY Cassiop. 


(—7 
Nov. 6 


18 
30 


10) 
8 
11 
15, 


Approximate Magnitudes of Variable Stars on Sept. 1, 1909. 


[Communicated by the Director of Harvard College Observatory, Cambridge 


Name. 


X Androm. 


T Androm. 


T Cassiop. 


R Androm. 


Y Cephei 


h 
0 


R.A. 
1900. 

m 
10.8 +46 
17.2 +26 
17.8 +55 
18.8 +38 


31.3 +79 


Deci, 
1900. 
° , 


27 
26 
14 

1 
48 





Magn. 


10.0d U Cassiop. 0 
9.07 RW Androm. 
9.07 V Androm. 

8.8 7°RR Androm. 
9.8 1 W Cassiop. 





Name. 


R.A. 

1900. 
h m 
40.8 
41.9 
44.6 
45.9 
49.0 





ge, Mass.] 
Decl. Magn. 
1900. 
+47 43 9<.51 
+-32 8 8.23 
+35 6 9.07 
+33’' 50 10.47 
+58 1 9.01 











Approximate Magnitudes of Variable Stars on Sept. 1, 1909—Con. 


Name. 


S Cassiop 

X Cassiop. 

U Persei 

R Arietis 2 
W Androm. 

o Ceti 

S Persei 

R Trianguli 

W Persei 

Y Persei 3 
R Persei 

7? Camelop. 
X Camelop. 
R Aurigae 5 


R Lyncis 

X Urs. Maj. 8 
Y Draconis 9 
R Urs. Maj. 10 
T Can. Ven. 12 
T Urs. Maj. 
RS Urs. Maj. 
Urs. Maj. 
Urs. Min. 
Can. Ven. 
J Urs. Min. 14 
5 Bootis 

’ Bootis 
Camelop. 
Bootis 

} Bootis 

S Librae 
Serpentis 
Coronae 
S Librae 
S Urs. Min. 
U Librae 

R Coronae 
X Coronae 
R Serpentis 
V Coronae 
R Librae 
RR Librae 
Z Coronae 
RZ Scorpii 
Z Scorpii 

R Herculis 
RR Herculis 
U Serpentis 
X Scorpii 
W Scorpii 
RX Scorpii 
RU Herculis 
R Scorpii 

S Scorpii 

W Coronae 
W Ophiuchi 
V Ophiuchi 
U Herculis 


13 


LaARRADGRHAD 


DOD 


16 


R. A. 
1900. 
m 
12.3 
49.8 
53.0 
10.4 
11.2 
14.3 
15.7 
31.0 
43.2 
20.9 
23.7 
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Decl. 
1900 
° , 


+7 
+58 
+54 
+24 
+43 
— 3 
+58 
+33 
+56 
+43 
+35 
+65 
+74 
+53 
+68 
+58 
+55 
+50 
+78 
+69 
+32 
+60 
+59 


” 


5 
46 
20 
35 
50 
26 

8 
50 
34 
50 
20 
57 
56 
28 
45 
0 
8 
30 
18 
18 

3 

2 

2 
38 
56 

2 
15 
16 
18 
17 
10 

6 

2 
40 
44 
33 
58 
52 


Magn. 


<i3 
9.8d 
10.5d 
9.0d 


m¢ 


C= 
bo Ol 


~F 
S 
Re, Bw, 


1 


= © 


~I 


11.7¢ 
8.07 
10.0d 
11.4d 
8.5 
13.0d 
9.5d 
10.0 
13.5 
9.07 
13.5 
10.8d 
11.0d 
11.4d 
11.0d 
11.5d 
9.87 
9.31 
9.317 
10.27 
9.2d 
8.31 
10.7 4 
10.0 
9.07 
8.31 
12.2d 
<is 
10.0 
9.01 
10.8 7 


~ 


6 <12.5 


10.5d 
12.5d 
11.8d 
10.2d 
9.8d 
10.5d 
10.5d 
<12.8 
9.0 
8.817 
11.47 
<13 
<.13 
13.0 
10.6 
12.6d 
12.6 
10.87 
8.0 
9.41 


Name 
Y Scorpii 16 
SS Herculis 
S Ophiuchi 
T Ophiuchi 
W Herculis 
R Draconis 
RR Ophiuchi 
S Herculis 
RV Herculis 
R Ophiuchi 
RT Herculis 
RS Herculis 
Z Ophiuchi 
RU Ophiuchi 
RS Ophiuchi 
RT Ophiuchi 
RY Herculis 
V Draconis 
T Herculis 
W Draconis 
X Draconis 
RY Ophiuchi 
W Lyrae 
SV Herculis 
T Serpentis 
RZ Herculis 
X Ophiuchi 
RY Lyrae 
RW Lyrae 
RX Lyrae 
ST Sagittarii 
Z Lyrae 
RT Lyrae 
R Aquilae 
V Lyrae 
RX Sagittarii 
RW Sagittarii 
S Lyrae 
RS Lyrae 
RU Lyrae 
U Draconis 
W Aquilae 
T Sagittarii 
RY Sagittarii 
R Sagittarii 
S Sagittarii 
Z Sagittarii 
TZ Cygni 
U Lyrae 
T Sagittae 
TY Cygni 
RT Aquilae 
R Cygni 
RV Aquilae 
RT Cygni 
TU Cygni 
X Aquilae 
x Cygni 
RR Aquilae 
RS Aquilae 


17 


18 


i9 





 & CO 
Arrwd rs 
Dri =! 


on 
tn G> 00 i Go GO Hm OD GION OID © 


to bt 
NS 
DIVO WO 


- 
. + cal 
me bo 


oo 
Jo) AS 
Ge AIM HWDOC 


om) 


9. 
10. 
10.5 
10.0 
10.8 
13.6 
13.8 
13.4 
16.6 
Lisa 
29.8 
33.3 
34.1 
35.9 
40.8 
43.3 
46.5 
46.7 
2.4 

rf 


5 
53. 


oe 





Decl. Magn. 

1900, 

°o , 
—19 13 10.5d 
+7 2 Y%.8i 
—16 57 <12 
—15 55 <12 
+37 32 9.0d 
+66 58 7.8 
—19 17 11.0 
+15 7 9.3d 
+31 22 <12.8 
—15 58 8.07 
+27 11 <12.8 
+23 1 12.6d 
+ 1 37 
+9 30 11.31 
— 6 40 11.7 
+11 11 <12.5 
—19 29 13.0d 
+54 53 11.07 
+31 0 10.87 
+65 56 10.0d 
+66 8 12 
+ 3 40 10.01 
+36 38 9.61 
+24 58 12.5d 
+6 14 10.41 
+25 58 11.4d 
+8 44 9.0d 
+34 34 13.2d 
+43 32 13.2 
+32 42 12.6 
—12 54 <12.6 
+34 49 <13 
+37 22 <14.5 
+ 8 5 6.03 
+29 30 <13.5 
--18 59 12.5 
—19 0 5.5 
+25 50 <13 
+33 15 11.01 
+41 8 12.07 
4-67 7 13.0d 
— 7 13 9.0d 
—17 9 8.07 
—33 42 7.0 
—19 29 12.4 
—19 12 11.8 
—21 7 10.0d 
+-50 0 9.7 
+37 42 12.5d 
+17 28 10.2d 
+2s € 12.2 
+11 30 12.6d 
+49 58 9.4d 
+9 42 <12 
+48 32 8.8d 
+48 49 <12 
+4 13 12.2 
+32 40 8.0d 
— 2 11 11.6d 
—- 8 9<11.8 
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Approximate Magnitudes of Variable Stars on 


Name. 


h 
Z Cygni 19 
SY Aquilae 20 
S Cygni 
R Capricorni 
S Aquilae 
RU Aquilae 
W Capricorni 
Z Aquilae 
R Delphini 
RT Capricorni 
SX Cygni 
WX Cygni 
U Cygni 
RU Capricorni 
Z Delphini 
ST Cygni 
Y Delphini 
S Delphini 
V Cygni 
Y Aquarii 
T Delphini 
V Aquarii 
W Aquarii 
V Delphini 
T Aquarii 
RZ Cygni 
X Delphini 
UX Cygni 
R Vulpeculae 
TW Cygni 21 
X Cephei 
RS Aquarii 
Z Capricorni 


The letter 7 denotes that the light is increasing; the letter 


R. A. 
1900. 


or 
5 


PW ~ven Ge ws 


— et 
ae OO 
AWK DAHOSCA1F OND 


14.8 
16.5 
26.7 
28.1 
29.9 
36.9 
38.5 
38.1 


12 < 


59 < 


Decl. 

1900. 

oO , 
+49 46 
+12 39 
+57 42 
—14 34 
+15 19 
+12 42 
—22 14 
— 6 27 
+ 8 47 
—21 38 
+30 46 
+37 8 
+47 35 
—22 2 
ie € 
+54 38 
a. 33 
+16 44 
+47 47 
= 
—16 2 
es. 4 
— 4 27 
+18 58 
— Bo ioe 
+46 
it 26 
430 2 
+23 26 
+29 0 
+82 40 
— 4 26 
—iG 35 


Magn. 


9.8d 
11.5d 
13.51 
12.5 
11.0d 
11.67 
12.0 


12.0 


9.07 
11.0d 


i T Pegasi 


Name. 
h 
R Equulei 21 
T Cephei 
RR Aquarii 
X Pegasi 
T Capricorni 
Y Capricorni 
S Cephei 
RU Cygni 
RR Pegasi 
V Pegasi 
U Aquarii 
RT Pegasi 


~) 
bo 


Y Pegasi 
RS Pegasi 
X Aquarii 
RT Aquarii 
S Lacertae 
R Lacertae 
S Aquarii 
RW Pegasi 
R Pegasi 


~ 
Ge 


i V Cassiop. 
2.5 W Pegasi 
iS Pegasi 


R Aquarii 

Z Cassiop. 
RR Cassiop. 
Z Aquarii 

V Ceti 

R Casssiop. 
Z Pegasi 

Y Cassiop. 


mouse 





Sept. 1, 1909—Con. 


R.A 
1900 
m 
8.4 
8.2 
9.8 
16.3 
16.5 
28.9 
36.5 
37.3 
40.0 
56.0 
57.9 


59.8 


Odor 
1 ~ a 
Arai tHDO 


ois) 


a 


NOS HPSNH OSM ORNON 


HUNAADEAN DD 


52.8 
53.3 
55.0 


58.2 


Decl. Magn. 

1900 : 
+12 23 11.0d 
+68 5 = 7.3d 
— 3 19 10.6d 
+14 2 9.07 
—15 35 10.0 
—14 25 <12 
+78 10 7.81 
+53 52 8.2 
+24 33 <13 
+ 5 38 10.5 
—17 6 12.5d 
+34 38 <12 
+12 3 <12 
+13 52 <12 
+14 4 12.2d 
—21 24 12.0 
—22 34 9.81 
+39 48 9.0i 
+41 51 12.4d 
—20 53 12.0 
+14 46 11.57 
+10 O 11.07 
+59 8 8.01 
+25 44 10.07 
+ 8 22 12.2d 
—15 50 8.0d 
+56 2 11.3d 
+53 8 12.0d 
—16 25 9.5 
—- 9 31 10.07 
+50 50 13.0 
+25 21 100i 
+55 7 11.0d 


d, that the light 


is decreasing; the sign <, that the variable is fainter than the appended mag- 
nitude. The above magnitudes have been compiled by Mr. Leon Campbell of 


the Harvard College Observatory from 


Schwartz and Harvard Observatories. 





observations made 


at the Vassar, 


New Elements of RY Aurigae.—In A. N. 4351 Mr. M. Luizet gives 
new elements of this variable star from observations extending from April 23, 


1907 to May 19, 1909. 


quite well represented by the elements. 


Minimum 


2417707.382 Paris m. t. + 2.72559 E, 
1907 Mav 11 9" 10" Paris m. t. + 24 17" 24™ 518 E, 


The observations include ten minima which are all 


Mr. Luizet also gives the following elements of otker variables : 


55.1908 Lyncis 
151. 1907 Cancr 
SW Persei 


i 


54.1908 Geminorum 


Maximum 1908 Dec. 17+ 
Maximum 1908 March 5 + 
Maximum 1908 Dec. 19+ 1 
Maximum 1908 Oct. 


724 
740 
574d 


57 
25+ 464.2 


E M—m= 36! 
E M—m= 8:14 
E M—m= 664 
E M—m= 25! 


In all of these the range of variation is about 0.7 magnitude and the stars 


average from 8.5 to 9.0 in brightness. 
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Elements of the Variable Star 174.1908 Herculis.—In A. N. 4351 
Mr. S. Blazko of the Moscow observatory gives elements of the Algol type 
variable 174.1908 Herculis, determined from his own observations in June and 
July, 1909. 

Minimum = 1909 July 7 9" 44™ Gr. m. t. + 19% 38™ 03° E, 
= 2418495.406 + 0.81809 E. 





New Variable Star 21.1909 Andromeda.—In A. N. 4348 Mr. A. 
Kopft of Heidelberg announces the star BD +32°4756 as a variable of the 
Algol type. On a photograph taken in the search for Perrine’s periodic comet, 
with the plate moved to follow the comet’s motion, the trail of this star in- 
dicates that it was about 1.5 magnitude fainter at the beginning of the exposure 
(1909 August 11 9" 40™.9 KGnigstuhl mean time) than at the end (13" 46™.9), 
During the last half hour of the exposure its light was constant. 





Variable Star Notes. 


V CoRONAE 
This variable is to be found in R.A. 15" 45™ 57° and Decl. 39° 52’ north, 

within the curve of stars known as the Northern Crown. It rises to nearly 
seventh magnitude and declines to between tenth and twelfth within a period 
of 356 days. In PopuLar Astronomy August and September 1904, a chart of 
comparison stars adjacent to it appears on page 496. A few observations of 
the decline of two maxima were obtained as follows : 
1908 April 28. Equal to d, less than c, brighter than e. 

May 12, 27. The same. 
1909 April15. About 0.4 brighter than d and 0.6 less than c. 

April 18, 21, 23, 30. The same. 

May 1, 4, 7, 10, 15, 20. The same. 

May 22, 29. Equal to d ande, brighter than /. 

June 7. Equal to f 

June 13. Wistinctly less than dor f 

Y VIRGINIS 
A few observations during minima of this star were taken with the 

following results. 
1906 April 12,14, 27. Invisible. 

May 11,16. Invisible. 
1907 March 13. Equals f£ Less than e. 


April 3 The same. 

April 9, 11. Much decreased. Less than f£ 
April 16. Scarcely visible. 

April 18. Invisible in a four-inch lens. 


Its period is 218 days and its variations range from eighth or sometimes 
ninth magnitude to 11.5 or lower. A chart for comparison stars may be found 
in PopuLAR AstTRONOMY for October 1905, page 469. 


R PEGASI 
The inequalities attributed to this orb were noticeable in the last two 
maxima which occurred a month in advance of the predicted time. 
1907 September 5, Nearer to the brightness of e than of c. 
September 12. Midway between eand c, 











Variable Stars 





September 15. Nearer toc than tod or e. 


September 23. Nearer toe and dthanto c. About three-tenths brighter 


than d. 
September 28, 29. The same. 
October 3,7, 14. The same. 
October 28. Equal to d. 
November 3,7. Less thand. Brighter than h. 
November 9, 21. Brighter than h equal to g. 
1908 September 29. Lessthane. Brighter than d. 
October 1. The same. 
October 16, 20, 24. Less thane. Equal tod. Brighter than e. 
November 2,16. Lessthaneord. Brighter than h. 
Its usual period is one year and fifteen days. 
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Three maxima of this star were observed as follows : 

1906 December 31. Equalton. Altitude low. 
1907 January 11. Equalto a. Less than n. 

January 18. between a ande. 

January 21. Equal to e. 

February 12. Equal to fand g. 

April19. Equal to t, of twelfth magnitude. 

April 20. Ditto. Barely discernible. 

May 3. Brighter thant. Equal to d. 

May 9. Equal to fand g. 

May 13. Equal to e. 

June 8, 9. Betweeh e and a. 

July 1. Brighter than a or n and probably of 7.8 magnitude. 
1908 May 25. Equals t. Scarcely discernible. 

June 7. Equal tof Less than d. 

June 19. Equal to p of 9.4 magnitude. 

June 21, 25, 28. Brighter than p. Nearly equal to e. 
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July 12. Equalton. Brighter than a. 

July 15,17. Slightly brighter than n. 

For comparison stars, see PopULAR ASTRONOMY, October 1897, page 328. 

-ast midnight on August 14, Mira (o Ceti) was seen to be about 0.3 less 
than Alpha Ceti which is suitable in tint and position for comparison at 
maximum. Onthe 21st at 2a. M. when the orbs had a nearly equal altitude a 
decrease was noticeable as the variable was nearer to the luster of Gamma Ceti 
than of Alpha. On August 26, it was about 0.2 brighter than Gamma Ceti and 
0.4 brighter than Alpha Piscium. Rose O'HALLORAN. 

San Francisco, Cal., 
August 28, 1909. 





GENERAL NOTES. 


Parallax of the Double Star > 2398.—In A. N. 4348 Mr. Karl 
Bohlin, of the observatory at Stockholm, gives as the result of photographic 
observations in 1907-08 at that observatory the parallax 0’’.484 for the double 
star = 2398. This parallax corresponds to a distance of 426,000 astronomical 
units or 6.7 light years. A tormer determination of the parallax of this star, 
by Dr. E. Lamp at Kiel in 1883-87, gave 0.353. The difference is possibly to 
be explained by the fact that one of Lamp’s comparison stars has itself a meas- 
urable parallax. The double star system has a relatively large proper motion, 
of —1”.30 and —1”.88 in right ascensionand declination respectively. 





Spectrum of Mars. A telegram has been received at the Harvard 
College Observatory from Professor W, W. Campbell, director of the Lick 
Observatory, stating that Campbell and Albrecht compared the spectra of Mars 
and the Moonon Mount Whitney, Sept. 1 and 2, 1909: a little water vapor. 
Bands estimated, equal intensities and very faint. Zenith distance 42°. Barom- 
eter 450 mm. Air temperature —1° Cent. Wet Thermometer —S8 

Astronomical Bulletin, No. 356, 

Harvard College Observatory, 
Cambridge, Mass., Sept. 15, 1909. 





Mercury Observations. In view of the unusual brightness of Mercury 
when in superior conjunction on August 3, (caused by its nearness to perihel- 
ion), I undertook to find how close to the Sun I could follow it with a five- 
inch telescope. For this purpose I began on July 27 to observe it daily. At 
that time it was very easily visible, but it grew gradually less easy to see as it 
approached the solar glare. My nearest observation of it to the Sun was at 
9 a.M. on August 3. 1t was then less than two degrees from the Sun, being 
in conjunction at 19" on the same day. Although so close, it was not a very 
difficult object. 

Clouds prevented seeing it again until August 7. When near conjunction, 
the disk appeared round, with the center brighter than the edge. 

I used, in making these observations, a short cardboard tube, fitted over 
the end of the telescope, to reduce the glare of the Sun. I found that the best 
time of day for seeing the planet was about 9 A. M. 

Weston, Mass., GEORGE F. NOLTE. 
August 18, 1909. 
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Occultation of Mars, September 1, 1909. The occultation was ob- 
served at the Ladd Observatory, Providence, Rhode Island, with the twelve- 
inch equatorial power 180. At the disappearance, the air was much disturbed 
and there was some cloudiness; the times are uncertain by one or two seconds. 
At re-appearance the definition was good and sky clear; the uncertainty in the 
times is hardly one second. Observed times (corrected by transit observations) 
first contact 8" 56™ 50%, second contact 8 57™ 31°, third contact 9" 56™ 205, 
fourth contact 9" 57™ 4%. The times calculated from data in American Ephem- 
eris are: Immersion 8" 57™ 29°, Emersion 9" 56" 31°. Times are expressed in 
-astern standard time or that of 75th Greenwich meridian. 

WINSLOW UPTON. 





Occultation of Mars. This was observed under very favorable con- 
ditions with the eighteen-inch Brashear objective of the Flower Observatory, 
the times being recorded chronographically and also from a chronometer in the 
observing rocm asa check. Upon applying the clock error, changing the 
sidereal into mean solar times, and correcting the results for longitude, which 
was assumed to be —7™ 9°.2, the following values were obtained : 


INGRESS. WASHINGTON MEAN TIME. 
First contact, 82 44™ 38.9 
Last contact, 8 44 43 .2 
EGRESS. 
First contact, 9 42 11.4 
Last contact, 9 42 49.1 


The edges of the Moon and Mars were unsteady at ingress owing to the 
low altitude, but an hour later the definition was very fine. 

It may be of interest to add that two nights earlier the outer moon of 
Mars was very distinctly seen with this lens; the inner was at the time too far 
from elongation to be detected. Eric DOOLITTLE. 





Allegheny Observatory. This observatory has a set of photograph 
of the Durchmusterung charts, the edition being the one that contains all the 
corrections known in 1898. Contact prints from these plates (5 by 7 inches) 
when examined with a reading glass or with a low power eye-piece have been 
found very useful at the telescope. If any of the readers of PopuLAR ASTRON- 
omy wish to have copies upon either velox or solio paper, this observatory 
will be glad to furnish them at cost, that is at ten cents a print, postage extra. 

FRANK SCHLESINGER. 





Professor Lewis Boss. The following notes “ From an Oxford note- 
book” in the August number of The Observatory will interest the many friends 
of Professor Boss, director of the Dudley Observatory, Albany, N. Y., who has 
spent the past year in South America extending his observations for a standard 
catalogue of stars down to the south polar regions of the sky :— 


“A recent visit of Professor Lewis Boss is sufficient occasion for remarking 
that we may be in sight of the satisfactory closing (for the present at least) of 
another great problem—the construction of a fundamental catalogue of stars. 
Within a few months he hopes to issue his catalogue of 6,188 stars for the 
whole sky—all stars brighter than 6.0 and other selected stars,—a consistent 
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series of places and proper motions compiled from all existing available mate- 
rial. Further work is in hand, which will extend this to 25,000 stars; but part 
of this is observational work, to be done at the new Southern Observatory of 
the Carnegie Institution at San Luis. Some account of the preparations for 
this work was given under date December last, and here it may be added that 
the instrument was set up, and instrumental errors and flexure determined, by 
March 1, and 3,514 meridian observations were made between April6 and 
April 30, which will give a notion of the steady fine weather. The following 
figures for the fundamental division-errors on the two circles A and B will show, 
firstly, the extraordinary accuracy of the determinations, and secondly, the con- 
spicuous success of the transfer of the instrument without appreciable change :— 


Errors of Circle A. Errors of Circle B. 
Div. Albany San Luis Albany San Luis 
° ” ” ” ” 
15 +0.11 +0.08 -0.91 —0.96 
30 +0.22 +0.28 —0.09 +0.01 
45 +0.23 +0.25 0.00 —0.94 
60 —0.65 —0.56 —0.55 —0.50 
75 +0.08 +0.06 —0.11 —0.11 


Professor Boss has discovered a new tonic. To dispel the depression due to 
overwork, and to the anxieties of life generally, take a good unmistakable ship- 
wreck. Let there be no doubt about it; let the ship run hard on the rocks so 
that they stick through into the interior and threaten destruction any moment; 
spend a drizzly night in an open Loat in a rough sea on the rocky shore; spend 
another drizzly day with no shelter and precious little food, and another sleep- 
less night, getting back to civilization by a journey of equal discomfort. The 
invigorating results are amazing. We trust fervently that they will be perma- 
nent and call for no repetition of the dose.” 





A Total Eclipse of the Moon will occur on the night of November 26 
(morning of November 27) which will be visible in the United States. The 
beginning will be visible generally in North and South America and northwest- 
ern Asia, the ending visible generally in North America, northwestern South 
America, eastern and northern Asia and Australia. The Moon will enter the 
Earth’s shadow from the southwest at 13" 11".0, and will become wholly im- 
mersed in the shadow at 14" 13".6, begin to emerge from the eastern side of the 





DIAGRAM OF ToTaL EcLipsE OF Moon, NOVEMBER 26-27, 1909. 
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shadow at 15" 35™.6, and will be wholly out of the umbra at 16" 38".2, central 
standard time. The movement of the Moon relative to the shadow is shown 
in the accompanying diagram, in which the shaded circle represents the umbra 
of the Earth’s shadow and the MM represents the apparent path of the 
Moon's center. 


ELEMENTS OF THE ECLIPSE. 


Greenwich mean time of conjunction in right ascension, Novem- 
ber 26° 205 46" 17*.7. 


Sun’s right ascension 16» 10™ 03°.32 Hourly motion 10°.67 
Moon's right ascension 4 10 03.32 Hourly motion 151 .26 
Sun's declination 21° 02’ 56”.9S. Hourly motion Osi a Ss. 
Moon's declination 20 45 56 .ON. Hourly motion 10 03 ON. 
Sun’s equa. hor. parallax 8 9 Sun's true semidiam. 16 12 .8 
Moon's equa. hor. parallax 60 11 .5 Moon'struesemidiam. 16 23 .3 


CIRCUMSTANCES OF THE ECLIPSE. 


Greenwich Mean Time Central Standard Time 
h 


h m u 
Moon enters penumbra Nov. 26 18 11.6 Nov. 26 12 11.6 
Moon enters shadow 19 11.0 13° 11.0 
Total eclipse begins 20 13.6 14 13.6 
Middle of the eclipse 20 54.6 14 54.6 
Total eclipse ends 21 35.6 15 35.6 
Moon leaves shadow 22 38.2 16 38.2 
Moon leaves penumbra 23 37.6 17 37.6 





American Astronomical and Astrophysical Society. The tenth 
annual meeting of the American Astronomical and Astrophysical Society, held 
at the Yerkes Observatory August 19-21, was a large and interesting meeting. 
Fifty members were present and forty-one papers were read. The president 
Professor E. C. Pickering of Harvard College Observatory presided at all the 
sessions, and offered remarks in connection with the discussion of many of the 
papers, which were highly appreciated as coming from one so well known and of 
such wide experience in astronomical research. 

Abstracts of papers, as given in the secretary's preliminary report, are 
given herewith, a part having been given in our last number. 

The following are the officers for the ensuing vear: President, E. C. Picker- 
ing; First Vice-president, George C. Comstock ; Second Vice-president, W. W. 
Campbell; Secretary, W. J. Hussey ; Treasurer, C. L. Dvuolittle ; Members of 
the Council, W. J. Humphreys, Frank Schlesinger, W. S. Eichelberger, E. B. Frost: 

The proposal to change the name of che society failed to carry, chiefly be- 
cause of the desire of some of the members who are physicists and not astron- 
omers, to feel that they have a right to belong in the society. 

The next meeting will be held at Harvard College Observatory in Aug. 1910, 


The Effect of Faculty Collimation of the Correcting Lens 
on the Star Image 
By J. S. PLASKETT. 


The field of the correcting lens used with visual objectives for photograph- 
ing star spectra is very limited and a slight displacement from the axis dispersed 
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the star image causing a perceptible difference, transversely, in the position of 
the images due to light of different wave lengths. It is shown that even the 
flexure of the telescope is sufficient to produce this effect and the importance of 
correct adjustment and of compensating for flexure in the effect on exposure 
time and on the accuracy of radial velocity measurements is pointed out. 


The Photographic Search for Planet O 


WILLIAM H. PICKERING. 


The search for this planet was prosecuted on plates taken by the Rev. Joel 
H. Metcalf with his twelve-inch doublet. Two plates of each region were 
taken at intervals of a few days apart. A positive was printed from one of 
these, and the other negative superposed upon it. It was expected to detect 
the planet by its motion during the interval elapsed. 

The planet has notas yet been found. This may be due to one or more of three 
causes. (a) The planet may be unexpectedly faint, or reddish in color. Its com- 
puted magnitude is 13.5. (b) The orbit may be highly eccentric, the computa- 
tion being based on an approximately circular orbit. (c) The orbit may be 
highly inclined to the ecliptic, and the planet at present situated far from 
its node. 

For various reasons the first two causes are not thought sufficiently effective 
to interfere with the discovery of the planet. We might, by analogy compare 
planet O, on account of its relative size and position with regard to the other 
planets, to the sixth or seventh satellite of Jupiter. The inclinations of the 
orbits of these two bodies are 28° and 26° respectively. The region already 
covered in the photographic search extended along the ecliptic for twenty-five 
degrees, and reaches to a maximum distance of ten degrees to the north and 
south of it. It is expected therefore to make an examination of the higher 
latitudes next year. The number of stars already examined in the search is 
estimated at about 300,000. 

July 10, 1909. 


On the Proper Motion of Some of the Small Stars in the 
Dense Cluster M 92 Herculis 


By E. E. BARNARD. 


The visual and photographic measures of the great star clusters show that 
but little measurable motion exists in any of the small stars composing them. 
In M 92 Herculis motion is shown in several of the smaller stars, amounting 
in two cases to as much as five seconds a century. These two stars are of the 
13.3 and 14th magnitude. Motion also seems certain in at least three other 
stars of between the 14th and 15th magnitude. 

The next fifty years ought to give us some idea of the relative motion of 
many of the stars in this cluster. 

These motions have developed, perhaps, in this cluster, because a closer in- 
vestigation has been made for that purpose than in the case of other clusters. 
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On Some Experiments in Photographic Enlarged Images 


of the Planets, Direct with the Forty- 


Inch Telescope 


By E. E. BARNARD. 


Experiments have recently been made, with improved facilities, in photo- 
graphing directly enlarged images of the planets with the forty-inch telescope. 
Some of the photographs of Jupiter which show the belts well, stand a subse- 
quent enlargement of upwards of two or three inches. 

Better results are hoped for by the use of a new screen by Mr. Wallace. 

The results so far show that it is now mainly a matter of favorable defini- 
tion to secure valuable photographs. 


Unpublished Work of the Harvard Observatory 


By Epwarp C. PICKERING. 


Discussion of the Revised Harvard Photometry, H. A. 64, 4. pp. 56- Ready for 
distribution. 

Observations on J. D. 3182 with the Four-Inch Meridian Photometer. H. A. 
4, 5. pp. 12. Ready for printing. 

Magnitudes of Components of Double Stars. H. A. 64, 6. pp. 34. In type. 

A Discussion of the Eclipses of Jupiter’s Satellites, 1878-1903. By Ralph A. 
Sampson. H. A. 52,2. pp. 190. In type. 

Durchmustering Zones Observed with 12-inch Meridian Photometer. 190 
pages. In type. 

Maxima and Minima of Variable Stars of Long Period. 130 pages. In type. 

Photometric Measurements Made with the East Equatorial. By Oliver C. 
Wendell. pp. 56. In type. 

Photographic Magnitudes of Seventy-cwo Bright Stars. Photographic Obser- 
vations of Occultations. Eclipses of Jupiter’s Satellites. Transforma- 
tion of Prismatic to Normal Spectra. Miscellaneous. By Edward S. 
King. Nearly ready for printing. 

Statistical Investigations of Planetary Orbits. By W. H. Pickering. Nearly 
ready for printing. 

The Zone of Stars, in declination —9° 50’ to —14° 10’, observed by Professor 
Searle with the Eight-Inch Meridian Circle, is now nearly completed. 
It will occupy three volumes of the Harvard Annals. It will be sent to 
the printer this autumn, unless unforseen delays arise. 


Achromatic and Apochromatic Comparative Tests— 
Second Communication 
By E. D. Rog, Jr. 


This paper presented the final results of the testing of two objectives, which 
was outlined a year ago in a preliniinary communication before the society. 
The two objectives, two lens type achromatic and apochromatic telescope ob- 
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jectives of approximately the same aperture and focal length, by Mr. Lundin and 
Steinheil SGhne respectively, were tested visually on double stars, and in the 
laboratory the photographic knife edge test was applied to both objectives with 
satisfactory results, while the color curves of the two lenses were ascertained by 
measurements on extra and intrafocal spectrograms. 

The paper appeared in “Archiv fiir Optik” ( Berlin). 


The New Spectrographic Measuring Engine of the 
Detroit Observatory 


by E. H. CURTISS. 


This-engine was constructed upon designs based upon the writer’s experi- 
ence with Zeiss, Toepfer and Gaertner types. The principal points are: A slid- 
ing sector device for inclining the engine at any desired angle; a spiral spring 
for absorbing the backlash of the screw; a reversible secondary plate carriage; 
a slow motion of rotation of the microscope about an axis through the mi- 
croscope support parailel to the direction of the motion of the plate carriage; a 
reticle holder which may be easily removed and designed to carry glass reticles 
of any type; the use of an interrupted reticle. 

The screw of the engine has been made in the observatory shop and seemed 
to possess a remarkable accuracy. 


The Focal Curves of the Single Material Camera Doublet 
of the Single Prism Spectrograph of the 
Detroit Observatory 


By R. H. Curtiss. 


This paper took upa recent investigation of the focal curves from \ 3900 
to \ 6000 of the new camera lens mentioned in the title. Nine different com- 
binations of collimator lengths and prism settings have, been tried. Results as 
well as description of methods were embodied in the paper. 


On Differential Flexure in the Single Prism Spectrograph 
By R. H. Curtiss. 


Though essentially of stable form some high dispersion tbree-prism stellar 
spectrographs have been found to be affected by serious flexure displacements. 
As might be expected, all single-prism spectrographs of the old or cantilever type 
as far as they have been definitely studied, are subject to dangerous flexure 
displacements. 

In an exposure of three hours in certain parts o. the sky, differential flexure 
may be a large part of the entire flexure and even the frequent introduction of 
the comparison will not entirely eliminate error. 

In the new Detroit Observatory Single Prism Instrument flexure has been 
eliminated by supporting the spectrograph box at two points so placed that 
the flexure in the various parts of the resulting simple beam is compensatory. 
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Standard Photographic Magnitudes 


By Henrietta S. LEavIrT. 


Observations for the purpose of determining the absolute photographic 
magnitudes of a sequence of forty-seven stars near the North Pole have recently 
been in progress, as described in Harvard College Observatory Circular 150. 
Sequences of forty stars in the Pleiades and twenty-six stars in Praesepe have 
also been measured, and the results compared with those obtained for the 
Polar stars. 

About one hundred and fifty plates were used, taken with eight telescopes. 
Several methods were employed for determining absolute magnitudes, independ- 
ent of the visual scale, but all may be grouped in the three following classes: 

(1) Photographs were taken, diminishing the light by means of screens, or 
by reducing the aperture of the telescope, and superposing a second exposure of 
the same length with full light. A similar effect was obtained by attaching an 
auxiliary prism of very small angle to the object glass; this deflected a part of 
the light, forming secondary images of the brighter stars. 

(2) The light was divided by interposing two thin plates of Iceland spar. 
The positions of the four images of each star furnished the means of determining 
the relative amount of light in each image. 

(3) Photographs were taken, having several exposures on the Pole Star, 
and on the star to be observed, the images being out of focus by varying amounts. 

The results obtained by these radically different methods are accordant with 
each other in the great majority of cases. They also agree closely with the 
Harvard Photometric Scale as far as the magnitude 13.2, after allowing for 
difference of color. We apparently have a satisfactory working basis for deter- 
mining the magnitudes of stars in all parts of the sky, on an approximately 
correct scale. 


Communications 


The following titles of papers were received unaccompanied by abstracts. 


1. JOEL STEBBINS. Some results with a Selenium Photometer. 

2. MILTON UppeEGRAFF. On the Fundamental Work of the U. S. Naval 
Observatory. 

3. R.S.DuGan. The Algol system, Z Draconis. 

4. E. W. Brown. New plans for tabulating the Moon's longitude. 

5. FRANK SCHLESINGER. A proposed design for an objective prism spectro- 
scope for the determination of radial velocities. 

6. Puivip Fox. Solar spectrographic observations. 

7. Puuivip Fox. The use of quartz-tibres for micrometer wires. 

8. 


Observatory. 

9. EpGar TILLyer. The clock vault of the U. S. Naval Observatory. 

10. Jounxn C. HAMMOND. Graduation errors of the circles of the six-inch Transit 
Circle of the U. S. Naval Observatory, 





‘ 


Erratum. In PopuLar Astronomy, June, 1909, page 386 for U Aurigae 
read W Aurigue. 









F. B. Litrety. The pivots of the nine-inch Transit Circle of the Naval | 
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